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3-1A LEM COMPATIBILITY 


Compatibility tables 3-I through 3-IN list the LEM PGNCS components, part num- 
bers, and dash numbers. These tables identify Apollo airborne component configura- 
tions and their compatibility to PGNCS appiications, and trace Apoilo airborne compo- 
nent configuration changes by ECP, The data is organized to assist field site person- 
nel in determining equipment compatibility and to aid in making valid replacement 
decisions. Table 3-Al lists the compatibility tables in alphabetical order according to 
component or assembly. An ECP matrix has also been provided in the table. The 
matrix is useful for determining which components or assemblies are affected by an 
ECP, 


Table 3-Al. Compatibility and ECP Matrix 


ieee ait at ed aterm en ee neti 


The symbol G) in the compatibility tables depicts an "OR" gate. Follow one path 
or the other (not both) for entry or exit from gate. 
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Table 3-1. AOT Compatibility (Sheet 1 of 2) 


SYSTEM SERIAL NUMBERS 


| ii Papebere pape pepepzpe pepe 


301 


410 


421 


422 


454 


473 


IN 


ay 
x 
als 
ab 
ay 
ah 
=) 
ie 
al 
| a 
ea 
: 


Required per print 


Compatible: as good or hetter than print requirement. See ECP flow chart. 


Not as good as print requirement, hut can be used for testing. See ECP flow chart. 


CANNOT be used. (AOT-CCRD mounting compatihility is required. Reference ECP 422.) 


DESCRIPTION 


Reticle mount and objective lens 
assembly 


Vacuum testing of AOT 
BREAK-IN 603 


Connecting relay assembly 
BREAK-IN 602 


Thermal instrumentation 
BREAK-IN 602 ONLY 


Corrosion protection of exposed 
heryllium 
BREAK-IN 602 


Blacken lens edges 
BREAK-IN 603 


Incorporate eyepiece heaters 
BREAK-IN 603 


Change pressure seal material 
BREAK-IN 603 


Incorporate eyepiece locking lever 
BREAK-IN 603 


Reposition eyepiece locking lever 
BREAK-IN 606 
RETRO 605 


Modify lens housing 
BREAK-IN 605 
RETRO 604 


CCRD mounting change 
BREAK-IN 606 
RETRO 605 


Improved pinning methods 
BREAK-IN 604 


Incorporate shield to eliminate 
light scatter 

BREAK-IN 609 

RETRO 605 through 608 


ECP DESCRIPTION 


512 AOT high density filter assembly 
(sun filter) 
BREAK-IN 605 


AOT reticle lamp change 
BREAK-IN 612 
RETRO 604 through 611 


AOT reticle knob change 
BREAK-IN 612 
RETRO 604 through 611 


AOT eyeguard plug 
BRE AK-IN 412 
RETRO 604 through 611 


AOT counter moisture proofing 
and illumination 

BRE AK-IN 612 

RETRO 604 through 611 


LTA-8 modifications 
AFFECTS 602 ONLY 


LM-2 modifications 
AFFECTS 608 ONLY 


LM-3 modifications 
AFFECTS 605 ONLY 


AOT pressure seal protection and 
other flammahility fixes 
BREAK-IN 612 

RETRO 605 through 611 


Conical sunshade and radar 
shield assembly for AOT 
BREAK-IN 618 

RETRO 605 through 607, 609 
through 617 


AOT harness protective shield 
BREAK-IN 619 

RETRO 605 through 607, 609 
through 618 


Taping of AOT cahle assemhly 
RETRO 605 through 618 


WONVW 


ChOLZ01-QN 


WI1SAS TONLNOD ONY ‘NOIIVOIAYN JINVOINS ANYWIYd WI? 


Table 3-IK. Nav Base Compatibility (Sheet 2 of 2) 


PGNCS 
PN 6899950-011 
ECP 340 
STARTING WITH 603 
ECP 462 PN 6899980-011 
RETRO 601, 602 
PN 6899950-031 = 
= 
ECP 462 = 
BREAK-IN 606 = 
RETRO 601 THRU 605 = 
i->) 
ECP 359 PN 6899980-031 = 
RETRO 601, 602 = 
oo 
inal 
OO eae —-—— PN 6899950-021 a 
= 
= 
ECP 359, 596, 618 a 
BREAK-IN 607 = 
RETRO 601 THRU 606 = 
_ 
- 603 & UP eC PN 6899980-021 = 
Q on 
< Oo 
: = 
> = 
a = 
Ce ad 
a 
— 
ECP DESCRIPTION = 
Nav base redesign 
STARTING WITH 603 
Replacement of IMU mounting bolts 
BREAK-IN 607 
RETRO 601 thru 606 
Addition of ground strap to LM a 
nav base S 
BREAK-IN 606 me 
RETRO 601 thru 605 = 
- LM-2 modifications == 
ic AFFECTS 608 ONLY = = 
res =n. 


LM-3 modifications 
AFFECTS 605 ONLY 
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SYSTEM SERIAL NUMBERS 
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COMPONENT PART 
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NUMBER 


6007200 


6010655 


tf per print 


Compatible: as good as or better than print requirement. See ECP flow chart. 


Not as good as print requirement, but can be used for testing. See ECP flow chart, 


CANNOT be used, 


NO 
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Table 3-IL. PSA Compatibility (Sheet 2 of 2) 


ECP 179, 217 
BREAK-IN 601 


PGNCS : 
SUR alee ee PN 6007200-011 
ECP 263 
BREAK-IN 602 
& SPARES 
PN 6007200-031 
g02 only 
ECP 301 ECP 316 
602 ONLY BREAK-IN 603 
PN 6010655011 PN 6007200-021 
ECP 388 
Se Ao BREAK-IN 605 
RETRO 603, 604, SPARE 
PN 6010655-021 PN 6007200-041 
ECP 582, 622 ECP 461 
RETRO 602 BREAK-IN 606 
RETRO 603 thru 605 
602 |——— PN 6010655-031 oe 
rr PN 6007200-051 
go4 he — — ——-—-—- —-—---—--—- =] 
ECP 618 , 622,631 
605 ONLY 
FOP 596, 622,631 
608 ONLY 
ECP 622, 631 | eee 
REA AIN 610 RETRO 613, 615 and 
RETRO 603, 606 Ane 
607, 609 
PN 6007200-071 7 PN 6007200-091 
| 
ECP 757 
RETRO 605 thru 618 | 
a ee ee [pe eran 
fat PN 6007200-081 3 
613 
an GkGiL 5a c=: Say ee nn rs aah at eee ae. ee 


ECP DESCRIPTION 


G and N filter change 
BREAK-IN 601 


DESCRIPTION 


LM-2 modifications 
AFFECTS 608 ONLY 


LM-3 modifications 
AFFECTS 605 ONLY 


Delete signal conditioner power 
supply assembly 
BREAK-IN 601 
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® Non-metallic materials 
. New helicoil and screw flammability modification 
m BREAK-IN 602 and spare for PSA 
; BREAK-IN 610 
Thermal instrumentation RETROFIT 602, 603, 605 thru 609 
BREAK-IN 602 
. Replace RTV=102 with RTV-109. 
Potting voids in header BREAK-IN ECP 631 should be incorporated 
603 in PN 6007200-071 and above. 
ECP 631 does not affect part 

Corrosion and outgassing protection number change. It may be 

BREAK-IN 605 included in otber part number 

RETROFIT 603, 604, spare 1 assemblies. 

Change gimbal servo amplifier Design changes to correct LEM 

BREAK-IN 606 PSA re’ 2rse power problem se 

RETROFIT 602 thru 605 RETROFIT 605 thru 618 | 

as 

LTA-8 modifications Modification of 800 hz 5% amplifier — 

AFFECTS 602 ONLY in power and servo assembly to dias 
° eliminate amplifier oscillation = —s 
> during system turn-on. = 
= RETROFIT 613, 615 and spares =z=nNO 


XG-€ 


OV “Ady 


6007010 


6007013 


Table 3-IM. Signal Conditioner Assembly Compatibility (Sheet 1 of 2) 


SYSTEM SERIAL NUMBERS 


Required per print 

Compatible: as good or better than print requirement. See ECP flow chart. 

Not as good as print requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. 

See note on sheet 2 of 2. 
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Control pulse TMZ detects a minus zero quantity placed onto write lines WL16 
through WLO1. Control pulse TMZ is first gated by signal PHS3 to clear the branch 2 
flip-flop and then by signal PHS4 to set the flip-flop if minus zero exists. 


Control pulse TSGN2 tests write line WL16 for positive and negative values. If 
signal WL165 is present, a negative quantity has been placed onto the write lines. Con- 
trol pulse TSGN2 is first gated by signal PHS3 to clear the branch 2 flip-flop and then 
by signal PHS4 to set the flop-flop if signal WL16 is present. 


Signal BR2 is produced when the branch 2 flip-flop is set. Signal MBR2 is sent to 
the peripheral equipment to indicate the state of the branch 2 flip-flop. 


The outputs of the branch flip-flops are used by the crosspoint generator circuits 
to produce control pulses. In addition, the branch decoder circuit detects states 01, 01 
or 10, 10, and 00, and produces signals BRIB2Z, BRDIF, BR12B, and BRIB2B, re- 
spectively. 


The special instruction flip-flop is used to control RELINT, INHINT, and EXTEND 
instructions. These special instructions are address-dependent and identified by order 
codes 09.0003, 00.0004, and 00.0005, respectively. These order codes are never en- 
tered into register SQ. Instead, they are entered into register G and recognized when 
certain subinstructions are being executed. The subinstructions which recognize the 
special instruction order codes produce signal TSUDO. They are STD2, TCO, TCFO, 
RSM3, MP3, BZFO, and BZMFO. Each of these subinstructions fetch the next instruc- 
tion tobeexecuted. Whendoingso, signal TSUD0 andtime pulse T7PHS4 are ANDed. The 
resulting crosspoint pulse tests the decoded output of register G for octal 3, 4, or 6 
and produces signal RELPLS, INHPLS, or EXTPLS if the respective octal quantity is 
contained in register G. Flip-flop A is set by signal RELPLS, INHPLS, or EXTPLS 
at time pulse T7PHS4 andis resetby time pulse T12. At time pulse T08 of these fetching 
subinstructions, control pulse RAD is produced by signals TSUDO and T08 and con- 
verted into signal RADRZ if flip-flop A is set, or into signal RADRG if the flip-flop is 
not set. Signal RADRZ is then converted into control pulses RZ and ST2 which cause 
subinstruction STD2 to be executed. Signal RADRG, produced when anything other than 
a special instruction is being fetched for execution, is then converted into control pulse 
RG which, in conjunction with control pulse WB, transfers the basic instruction word 
to the central processor register B. Signal EXTPLS which set flip-flop A and produces 
control pulses RZ and ST2 also sets the FUTEXT flip-flop in the register SQ circuit. 
Similiarly, signal INHPLS sets the INHINT flip-flop in the register SQ control and 
signal RELPLS resets the INHINT flip-flop. 


4-5.5 CENTRAL PROCESSOR. The central processor performs all arithmetic op~ 
erations requiredofthecomputer, initiates the selection of and buffers all information 
coming from and going to memory, checks for correct parity on all words coming 
from memory, and generates parity for all words written into memory. 
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4-5.5.1 Central Processor Functional Description. The central processor consists of 
eight 16 bit flip-flop registers with service gates, a 12 bit memory address register 
and decoder, the write amplifiers, and parity logic. The flip-flop registers to be 
discussed are special and central registers (A, Q, Z, and L) which are addressable, 
register B, the memory buffer register G, and registers X and Y which comprise 
the arithmetic unit or adder. In addition, there are three addressable bank registers 
that aid in identifying memory addresses. These registers consist of a 3-bit erasable 
bank (EB) register, a 5=bit fixed bank (FB) register, and a 3-bit fixed bank extendible 
(FEXTB) register. 

Data words and basic instruction words consist of 16 bits when stored in fixed or 
erasable memory. The word format is illustrated in figure 4-137. The formats pre- 
sented in this illustration indicate the word as it actually appears in the hardware. The 
concept employed by programmers when indicating a data word or basic instruction 
word differs from that shown in figure 4~137. 

An instruction word in memory (a) contains the operation code (OC) in bit positions 
16, 14, and 13, parity (P) in bit position 15, and the data address (A} in bit positions 1 
through 12. When the word is read out of memory, the parity bit is applied directly to 


OPERATION COOE 
SIT POSITIONS 16 15 14 #13 #32 WW © 3 @ 7 6 § 4 3 @ | 
feed focfocf Tato] «Tefe ete T Tale 
t SSS ee) 
PARITY 12 BIT OATA ADORESS 


{o.) INSTRUCTION WORD IN MEMORY 


2 PGE 2s Serre) 


SIGN PARITY 


14 BIT BINARY FRACTION 


(b.) DATA WORD IN MEMORY 


FB) el i 
a 


SIGN OVF/UNF 
gIT 


ft 
14 BIT BINARY FRACTION ray 


(c.) DATA WORO IN CENTRAL PROCESSOR 


Figure 4~137. Word Formats 
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the parity logic. There is no other manipulation of the parity bit within the central 
processor. The word contains the same quantity in bit positions 15 and 16 when resid- 
ing in the central processor. The operation code is applied to the sequence generator, 
and the 12 bit address to the memory address register. Program listings indicate the 
order of an instruction word using six octal bits as follows: 


0 6501 0 


The first bit (0) represents the operation code and includes bit positions 16, 14, and 13. 
The next four bits (6501) represent the relevant address of the instruction word in po- 
sitions 12 through i. The hit at the extreme right is the parity bit (position 15). 


A data word in memory (b) contains the sign in bit position 16, parity in bit posi- 
tion 15, and the value bits in positions 14 through 1. When transferred to the central 
processor, the parity bit is again applied to the parity logic. A data word in the cen- 
tral processor (c), contains the sign entered into bit positions 15 and 16. Position 15 
then becomes an indication of overflow or underflow. Program listings indicate the 
order of a data word using six octal bits as follows: 


50106 0 


The first octalbit(5, whichis 10linbinary) includes bit positions 16, 14, and 13. In this 
case, the sign is minus indicating a negative number, and positions 14 and 13 are the 
two high order bits of the 14 bit binary fraction. The remaining 12 bits are repre- 
sented by octal bits 0106. The parity bit is at the extreme right. 


Each flip-flop register consists of 16 bit positions, which is consistent with the 
word format discussed previously. The register service gates control the write-in 
and read-out operations of each register. (See figure 4-138.) The bit positions are 
cleared coincident with write-in. Normally, data from the write lines is applied to 
the service gates, and is written into a particular register under control of a write 
control pulse from the sequence generator. For example, data from the write lines 
applied to register A service is written into register A coincldent with write control 
pulse WA. Information in the register is read out by read control pulse RA. Data is 
exchanged between registers in this manner by reading out one register and writing 
into another simultaneously. Some of the flip-flop registers have additional condi- 
tions under which information is written in. Under program control, an associated 
address can be generated to write into and read out of each of these registers. Reg- 
isters A, Q, Z, and L are addressable and are referred to as special and central 
registers. 


Registers A (accumulator), L (low order product), Q, and X and Y (arithmetic unit 
or adder} are primarlly involved in arithmetic operations. The adder processes two 
quantities; the quantity entered into Y and one of three quantitles (+1, -1, +2) entered 
into X dependent on the instruction being executed. Reglsters Z and B are essentially 
storage elements in that they store the operation or step to be performed next in the 
program. 
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Register G is normally controlled by the service gates and control pulses WG and 
RG. However, under program control and coincident with an associated address, a 
word entered into register G is manipulated by the editing control section. Register G 
buffers all information read out of memory into the central processor, and buffers all 
information written into memory from the central processor. A word transferred 
from memory (SA01-SA16) as a result of selection through the memory address reg- 
ister is deposited directly into the bit positions of register G. The word is read out to 
the write lines under eontrol of read pulse RG. A word being written into erasable 
memory (GEM01-GEM16) is buffered through G from the write lines by control pulse 
WG. Editing control allows a word entered into register G to be cycled or shifted (as 
a function of address) to accomplish specific program manipulations. 


The parity bit (SAP) is entered into the parity logic on a read-out from memory, 
and is used to indicate correct parity. A parity alarm ococurs in case of incorrect 
parity. There is no manipulation of the parity bit within the central processor. The 
parity logic also generates a parity bit (GEM15) when a word is written into erasable 
memory. Oddparityisusedinthe computer; therefore, the total number of ONE's in the 
word including parity is odd. 


The memory address register (S) aecepts the 12 bit address contained in an ad- 
dress word. The outputs of this register are decoded by the decoding logic, and se~ 
lection signals are generated to select the location in memory specified by the address. 
The content of S does not always uniquely determine the address of the memory word. 
The locations in memory, particularly fixed memory, beyond the capacity of register 5 
are seleeted by the content of S in conjunction with the erasable, fixed and/or fixed 
extendible bank registers. 


Data is transferred between registers of the central processor or from the Central 
processor to other portions of the system through the write amplifiers. There are 16 
write amplifiers, each of which is associated with one bit position in each of the reg- 
isters. Data is applied to the write amplifiers as a result of readout from a flip-flop 
register or from other functional areas. The data is merely ORed and becomes avail- 
able on the write lines as outputs WL01-WL16. Inputs to the write amplifiers from 
other functional areas include the content of the erasable and fixed bank registers, in- 
puts representing the addresses of the input counters in priority control, program 
interrupt addresses, control pulses from the sequence generator which are used dur- 
ing specific instructions, information from the input/output channels including the real 
time word, the start address, and the word from the CTS during test. 


Word formats and data flow to and from the three bank registers are illustrated in 
figures 4-138A and 4-138B. All three registers are addressable. The erasable bank 
register supplements the content of S to control the address decoder and to select 
erasable memory addresses. The fixed bank register and the fixed bank extendible 
register control the fixed address generator, and selectfixed memory addresses in con- 
junction with the address decoder output. As illustrated in figures 4-138, 4-138A, and 
4-138B, the bank registers are serviced similar to the other central processor registers 
with one major difference. The erasable and fixed bank registers receive inputs 
directly from the adder service as well as from the write amplifiers. 
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Figure 4-138. Central Processor, 
Functional Diagram 
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eS Figure 4-138A. Data Flow to Erasable, Fixed, and 
Fixed Extendible Registers 
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Figure 4-138B. Data Flow from Erasable, Fixed, and 
Fixed Extendible Registers 
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flip-flop registers Q and Z is illustrated in figure 4-139. The description in the fol- 
lowing paragraphs details operation of these bit positions, which are identical to all 
flip-flops in both registers. The concepts presented in this discussion are basic to all 
flip-flop registers in the central processor. Functional differences between the reg- 
isters are described under the specific register headings. 


4-5.5.2 Flip-Flop Register Operation Detailed Description. A single bit position of a | 


Each of the flip-flop registers has a capacity of 16 bits. Four bit positions of é 
each register are contained in each of four identical bit modules (A8-All). For 
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Figure 4-139. Flip-Flop Register, Single Bit Positions moral 


example, module A8 contains bits 1 through 4 of all registers, module AQ, bits 5 @ 
through 8, etc. Each bit position of the registers consists of a bit flip-flop and the 
write service and read service gates. The bit output is applied to an assoclated write 
amplifier. The entlre register is cleared by a clear or reset pulse (CQG or CZG) ap- 
plied directly to the reset input of each bit position. Information is written into the 
register from the write lines (WLO01) when the write signal (WQG or WZG) enables the 
write service gate. The flip-flop is cleared and immediately written into. The read Ss 
Signal enables the read gate and causes the information stored in the flip-flop to be 
placed on the write lines. The write line outputs are labeled WLO1 through WLI6 
corresponding to the bit positions of the registers. By enabling the read gates of reg- 
ister Z, and the write gates of register Q simultaneously, information is transferred 
between the two registers. This can be accomplished between any two registers in the 
central processor. & 
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4-5.5.2A Bank Registers Operation Detailed Description. Each bit position of the bank 


registers operates in a manner similar to each bit position of the flip-flop registers. 
The bank registers service section generates write, clear, and read signals, which 
function as the related signals for the flip-flop registers. 


The erasable and fixed bank register flip-flops are contained in module A15, 
and the fixed bank extendible register flip-flops are contained in module A23. The 
erasable bank register contains 3 bits and can be written into directly from the write 
amplifiers, or can receive inputs directly from the adder. If gated from the adder, 
the_erasable bank register bit inputs are SUMAO1 through SUMAO3 and complements 
SUMBO1 tbrough SUMB03. The fixed bank register has 5 bits and receives corres- 
ponding SUM signals from tbe adder. The 3-bit fixed bank extendible register does not 
receive inputs from the adder. It is controlled like the input registers discussed in 
the input/output section. 


4-5.5.3 Register Service Gates. Information is transferred into and out of the flip- 
flop registers under control of write, clear, and read signals generated by associated 
write and read service gates for each register. Inputs to the service gates consist of 
write and read control pulses from the crosspoint matrix of the sequence generator and 
timing signals WT, CT, and RT (write time, clear time, and read time respectively) 
from the timer. 


The write signals for each register are derived by gating a write control pulse and 
timing signal WT. The clear pulse is derived as a function of the write signal and 
timing signal CT. The read signal for each register is derived by gating a read control 
pulse and timing signal RT. The write, clear, and read signals for register Z are il- 
lustrated in figure 4-140 and discussed in the following paragraphs. 
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Write control pulse WZ from the sequence generator is a 0.75 microsecond pulse 


transition and occurs during the first half of the enabling portion of the write signal as 
shown in figure 4-140. Thus, the flip-flop is cleared and the register immediately 
written into. The clear pulse occurs only when a write signal is generated; therefore, 
information written into the register is retained until the next write signal occurs, 


The read control pulse RZ, similar to the write control pulse, is 0.75 sec wide, 
and is shown in figure 4-140 as occurring at time 8 (T08). This signal from the se- 
quence generator is gated with timing signal RT to produce read signal RZG from the 
read service gates. The read signal enables the read gates and causes information in 
the registers to be placed on the write lines. The read signal does not destroy the 
content of the register. Information is retained in each flip-flop and can actually be 
read out several times until the next write signal occurs. A detailed discussion of the 
write and read service for each register is included with the discussion on the flip- 
flop registers. 


4-5.5.3.1 Addressable Registers Service. The four special and central registers (A, L, 
@ and Z) and the bank registers are addressable registers in that write, clear, and read 
signals can be generated as a functionofan associated address supplied by the program. 
This is in addition to the write and read signals generated normally. These addresses 
are 0000 for register A, 0001 for register L, 0002 for register Q, 0005 for register Z, 
0003 for the erasable bank register, 0004 for the fixed bank register, and 0007 for the 
fixed extendible bank register. Address 0006 enables both erasable and fixed bank 
registers simultaneously. 
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Figure 4-140. Write, Clear, and Read Timing 
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Write and read control signals are generated for the addressable registers by the 
logic illustrated in figure 4~141. Inputs WSC and RSC, ¢ control pulses generated in the 
sequence generator, gate with timing signals WT and RT respectively to produce write 
signal WSCG and read signal RSCG. These signals are applied to the service gates of 
each of the four registers along with the address supplied by the program. The reg- 
ister to be written into and readout of is determined by the address. Signal SCAD en- 
ablesthe gates if any one of octal addresses 0000 through 0007 is present. There is no 
access to memory at this time since signal SCAD is a logic ONE and inhibits erasable 
memory cycle timing. For all addresses above octal 0007, at least one of the inputs 
to gates 39345 and 39346 is a ONE and inhibits the addressable register service. 
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Figure 4-141, Addressable Registers Service 


4-5.5.4 Register A. Register A (see figure 4-142), or accumulator, normally retains 
information between the execution of individual instructions. This is accomplished by 
write signal WAG from the write services (figure 4-143) which gates information on the 
write lines (WLO1 - _WLT6) into register A. The write signal ls generated as a func- 
tion of control pulse WA from the sequence generator and timing signal WT, or or by octal 
address 00000 (indicated by XB0) supplied by program and control pulse WSCG. Either 
write condition causes the clear pulse CAG to be generated and clear the register 
prior to write-in. Write signal WALSG is generated to write into register A as a func- 
tion of control pulse ZAP. This latter control pulse is produced during multiply sub- 
instructions MP1 and MP3 during which time the accumulator is used in conjunction 
with register L to form a double precision quantity accumulator. Write signal WALSG 
causes the write line inputs to be deposited into register A as indicated in table 
4-LXXVI (the bit content of register L is also shown}. 


This manipulation of data accomplishes the required shifting during a muitiply 
instruction, 


4-5.5.5 Register L. Register L (see figure 4-142) functions during instructlon MP 
(multiply) and DV (divide) and during the addition of double precision quantities. 
During instruction MP, register L holds the low order product; during instruction 
DV, the remainder. 
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Figure 4-142. Flip-Flop Registers 
(Sheet 2 of 8) 
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Figure 4-142, Flip-Flop Registers, 
(Sheet 3 of 8) 
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Figure 4~142. Flip-Flop Registers, 
(Sheet 5 of 8) 
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The L service gates (figure 4-144) generate the necessary write, clear and 
read signals, Write signal WLG is generated as a function of three inputs: 


(1) Control pulse WL from the sequence generator. 
(2) Special and central address 0001. 
(3) Channel address 01. 


Write control pulse WL is generated during most of the instructions for which register 
L is used. These include Instructions DV, DAS (add double precision), and subinstruction 
MPO. Register L, slmilar to register A, is addressable. Under program control, octal 
address 0001 (indicated by XB1 to the service gates) coincident with the addressable 
registers write control signal WSCG causes write signal WLG to be generated. Register 
L is also accessible with IN/OUT channel address 01. A channel instruction generates 
write control pulse WCHG. This control pulse coincident with channel address 01 
generates write signal WLG. 


A fourth condition for writing into register L is provided hy write signal G2LSG. 
This signal is generated during subinstructions MP1 and MP3 and occurs coincident 
with write signal WALSG for register A (both are generated as a function of control 
pulse ZAP). The bit content of L as a result of write signal G2LSG is listed in table 
4-LXXVI. Signal G2LSG allows writing into bit positions 1 through 12 and 15 and 16; 
signal WALSG allows writing into bit positions 13 and 14. 


The clear signal for register L is generatedas a function of the write-ln conditlons 
described above and control pulse CT. 


4-5.5.6 Register Q. Register Q (see figure 4-142) is used during instructions TC 
(transfer control) and QXCH (exchange). During a TC instruction, the return address 
is stored in Q in the event that a transfer to the original sequence of instructions 
takes place. During QXCH instruction, the quantity in Q is exchanged with a quantity 
in E memory. 


The manipulation of data in register Q is determined by the writc and read signals 
generated by the Q service gates (figure 4-145). Thcse signals are produced in a manner 
similar to that described for the other registers. Control pulse WQ from the sequence 
generator ls produced during instructions TC and QXCH, and causes write signal WQG 
to be generated. The write signal is also generated as a function of memory address 
0002 (indicated by XB2 to the service gates) coincident with the addressable registers 
write control signal WSCG, The Q register is also accessible with IN/OUT channel 
address 02. The channel instruction write signal WCHG coincident with channel address 
02 (XTO . XB2) causes write signal WQG. Any one of the three write-in conditions 
described above causes the register clear pulse CQG to be generated. The read signal 
RQG is generated to read out the Q register as described for registers A and L. 
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Figure 4-144. Register L Service 
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Figure 4-145. Register Q Service 


4-5.5.7 Register _Z. Register Z (see figure 4-142), also referred to as the program 
counter, stores the address of the instruction to be executed next. During the execution 
of an instruction, the content of register Z is incremented by one in the adder. The 
result (next address) is again stored in register Z. The write, clear, and read service 
(figure 4-146) generates the signals necessary to write into and read out of register 
2. These are generated similar to those for registers A, Q, and L, with the exception 
that memory address 0005 (XB5 to the service section) is used to write in and read out 
coincident with the addressable registers write and read control signals. 
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Register Z write-in conditions for bit positions 15 and 16 also include the con- 
figuration illustrated in figure 4-147. During instruction DV1 (divide), a test for sign 
takes place (indicated by BR1 to gate 39401). If the sign is negative, a ONE is inserted 
into bit position 16 of register Z at time 5 (T05); at time 9, after a second test for 
sign, a ONE is inserted into bit position 15 of register Z if the sign is negative. 


Figure 4-147. Z15 and 216 Set (Sign Test During DV1) 


4-5.5.8 Register _B. Register B (see figure 4-142) is primarily a storage element. 
This register stores the order code and relevant address of the instruction to be 
executed next. This is not in conflict with register Z whicb stores the next address 
in the program. 


The write, clear, and read signals for register B are generated by the service 
section (figure 4-148), in the same manner as described previously. This register is 
not addressable through program control. Readout of register B is accomplished 
normally by read control_pulse RB from the sequence generator. This pulse causes 
read signals RBHG and RBIG to be generated. Signal RBLG reads out bit positions 
1 through 10; signal RBHG reads out bit positions 11 through 16. Bit positions 1 through 
10 only can be read out and placed on the write lines by RBLG which is generated as 
a function of signal RL10BB. This latter signal is generated during certain instructions 
to place the 10 low order bits of B on the write lines. Read signal RCG gates the 
complement of register B onto the write lines when required during certain instructions. 


4-5.5.9 Register G. Register G (see figure 4-142) buffers all information coming from 
and going to erasable and fixed memory. This register also functions during certain 
instructions to shift or cycle information as required. 
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Figure 4-148. Register B Service 
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Data from fixed or erasable memory is written into register G from sense ampli- 
fier outputs SA01 through SA14 and SA16, which are wired directly into the corres- 
ponding bit positions of register G. Sense amplifier output SA16 which is the sign bit, 
is wired into both bit positions 15 and 16 of G. This results in the same bit value 
in these two bit positions when a quantity is entered into the central processor from 
memory as described previously under word formats. 


There is no manipulation of the parity bit within the central processor. Conse~ 
quently, register G never sees this bit during readout or write-in to memory. The 
parity logic controls all manipulations of the parity bit. 


Write service for register G (figure 4-149), consists of six write Signals, WG1G 
through WG5G and WEDOPG. For all addresses except octal 0020 through 0023, write 
Signals WG1G and WG2G are generated and information is gated from the write lines 
into_register G. Write signal WGIG gates bit positions 1 through 15; write signal 
WG2G gates bit position 16. These two Signals are produced by write control pulse 
WG from the sequence generator (which appears as WGA inG service) coincident with 
timing pulse WT into gate 33140 of figure 4-148, This results in WGNORM which 
causes write signals WG1G and WG2G. Signal GINH from the editing control logic 
inhibits write signal WGIG during shift and cycle operations. Bit position 15 is not 
used during any shifting and cycling operations. 


Octal addresses 0020 through 0023 are produced under program control to perform 
shift and cycle operations, The decoded signals representing these addresses are 
applied to the editing control logic (figure 4-150) which generates the signals necessary 
to manipulate data into register G. Signal OCTAD2 is inverted by pate 34343 and 
enables the input gates of editing control for octal addresses 0020 through 0027. The 
cycle and shift control signals are generated attime 2 (T02) coincident with the particular 
address. 


Address 0020 causes a word to be cycled right when entered into register G. The 
decoded signals representing this address (OCTAD2 * XBO) set the cycle right control 
flip-flop in editing contro] at time 2. The flip-flop output (CYR) enables the write gates 
in the service section, and, coincident with write control pulse WGA, causes write 


signals WG4G and WG5G to be produced. Data is cycled right as shown in figure 
4-151, The programmer would consider this transformation as follows: 


CYR;{15 14 13 12 11 10 9 8 7 6 5 4 3 2 11] Bit Position 


0020/01 15 14 13 12 11 10 09 08 O07 O06 05 04 03 02 G Register 
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Address 0021 (OCTAD2 - XBi) sets the shift right control flip-flop. The flip- 
flop output (SR) enables the write control pulse WGA, and causes write signals WG2G 
and WG4G to be produced. Bit 16 from the write lines is entered into bit positions 
16 and 14 of register G, and all other bits are shifted one position to the right. No 
action occurs with bit 1 from the write lines - this bit is effectively shifted off the 
end. The programmer would consider this transformation as follows: 


15 14 13 12 11 10 1 | Bit Position 


0021 15 15 14 13 12 11 10 09 08 07 06 O5 04 03 02] G Register 


Address 0022 (OCTAD2 - XB2) sets the cycle left control flip-flop. The flip- 
flop output (CYL) enables the write gates, and, coincident with write control pulse 
WGA, causes write signal WG3G to be produced for a cycle left operation. As sbown 
in figure 4-151, bit 16 from the write lines is written into bit position 1 of G, bit 2 
is written into bit position 3, etc. The programmer would consider this transformation 
as follows: 


CYL /|15 14 138 12 11 10 9 8 7 6 5&5 4 $3 2 1) Bit Position 
0022 {14 13 12 11 10 O09 O8 O07 O06 O05 04 O38 O2 O01 15 G Register 


The last editing transformation involves bits 8 through 14 from the write lines. 
Address 0023 sets the edit operation flip-flop (EDOP) in the editing control logic. 
The flip-flop output enables the associated write gates in the service section, and 
causes write signal WEDOPG to be produced. This signal writes bits 8 through 14 
from the write lines into bit positions 1 through 7 of register G as illustrated in figure 
4-151. The programmer would consider this transformation as follows: 


EDOP 


During divide and multiply instructions, the G register is used in the manipulation 
of data in the central processor. Write-in is accomplished by write signal L2GDG which 
is generated only during these instructions. The signal is generated as a function of 
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write control pulse L2GD from the sequence generator, and timing pulse TT from the 
timer. Signal TT is identical to the write time signal WT. The content of register G 
after write-in by L2GDG is as follows: 


i 2 3 4 5 6 7 8 910 Pils 1s is 14 16 | 16 


MCRO L01 L02 L03 L04 LOS LO6 LO7 LO8 LO9 L10 Lil L12 L13 L14 L16 


Bit position 16 contains bit 16 from the accumulator, positions 15 through 2 contain 
L bits 14 through 1 respectively, and the data in bit position 1 is a function of control 
pulse MCRO. This latter control pulse is generated in the sequence generator as a 
function of the content of register L during a multiply instruction and enters a ONE 
into bit position 1 of the G register. The clear signal for register G (CGG) is generated 
as a function of write signals We and L2GD coincident with timing pulse CT. Register G 
is also cleared by signal CGMC. This signal is generated as a function of the strobe 
Signals for erasable and fixed memory. When the sense amplifiers are strobed (STBE 
or STBF), signal CGMC is generated and clears register G. 


The read signal (RGG} is generated as a function of read control pulse RG and 
timing signal RT. 


4~5.5.10 Arithmetic Unit (Registers X and Y). The arithmetic unit (see figure 4-142) is 


a 16 bit parallel adder with end-around carry and is the basic arithmetic unit of the 
computer. The adder processes two numbers at a time; one number Is contained in 
register Y, and a quantity is entered into X by control pulse action dependent on the 
instruction being executed. The output gating complex senses for the carry and pro- 
vides outputs from each bit posltion to the write lines. 


Registers X and Y are functionally similarto the other flip~flop registers. However, 
the write service is more complex for register Y than for the other flip-flop registers. 
Register X has only one write Signal (A2XG), and this is constrained to register X 
being used in conjunction with register A during certain instructions. 


Register Y is written into from the write lines; register X is not. The quantity 
entered into X is by control pulse action or by write signal A2XG as indicated above. 
The clear pulse (CUG) is generated as a function of the Y register write signals and 
clears both X and Y Simultaneously. 
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The service gates for registers X and Y are illustrated in figure 4-152, Data 
from the write_lines is written into the corresponding bit positions of register Y by 
write signals WYLOG and WYHIG,. Both of these signals are generated as a function 
of write control pulse WY and timing pulse WT. Write signal WYLOG writes into bit 
positions 1 through 12; write signal WYHIG writes into bit positions 13 through 16. 
Signal WYLOG is also generated as a function of control pulse WY12 from the sequence 
generator. This control pulse occurs during the execution of specific instructions to 
write into positions 1 through 12 of register Y. (Refer to the sequence generator which 
indicates the conditions for generating WY12). In this case, positions 13 through 16 
would not be written into and as a result of the clear pulse action would contain ZERO's. 


Write signals WYDG and WYDLOG are generated during the multiply and divide 
instructions, and counter instructions SHINC and SHANC. There is some additional 
manipulation with bit position 1 of Y as a result of WYDLOG. Write control pulse 
WYD is generated in the sequence generator and coincident with timing pulse WT 


generates write signals WYDG and WYDLOG. The bit content of Y as a result of this 
write-in Condition is as follows: 


LS WLI16 WLi4 WL13 WL12 WLil1 WL10 WLO9 WLO08 


8 7 6 5 4 3 2 1 


Ld WLO07 WLO6 WLOS WL04 WL03 WLO02 WLO01 WL16 


Bit 16 from the write lines is entered into positions 16 and 1 of Y: positions 15 
through 2 contain write line inputs 14 through 1, respectively. Write-in to bit position 
1 by WYD is inhibited by several functions. Interflow from the register A bit 1 is 
inhibited during a multiply instruction if bit 15 of register L contains a ONE. This 
condition is sensed by gate 33125 in the service section. Also, during multiply, end- 
around carry is inhibited. This condition is satisfied by signal NEAC (no end-around 
Carry) to gate 33124. Lastly, during counter instruction SHINC (shift), write-in to 
bit position 1 is inhibited by counter command SHINC. 


The write signal A2XG is generated to write into register X mostly during extra- 
code instructions (the one exception is basic instruction AD-add). This signal copies 
the content of register A into the corresponding bit positions of register X. This is 
illustrated in figure 4-142. The flip-flop outputs of A are wired directly to the only 
write gate inputs to register X, and are gated by signal A2XG. 
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Since the arithmetic unit processes two numbers, one number is obviously entered 
into Y from the write lines. Another quantity, dependent on the instruction being exe~ 
cuted, is entered into register X. This is accomplished by control pulses PONEX, 
MONEX, TWOX, and BXVX. These control pulses enter the quantities +1, -1, +2 and 
40000 (octal) respectively. The quantity +0 is effectively entered into X by clear signal 
CLXC. This signal occurs during a divide instruction as a result of a branching con-~ 
dition and subsequently clears register X. 


Two read signals are generated to read out the adder. Signal RULOG reads out 
positions 1 through 15; signal RUG reads out position 16 only. The two signals are 
generated simultaneously as a function of read control pulse RU coincident with timing 
signal RT. Only bit positions 1 through 15 are read out by read signal RULOG which 
is generated as a function of control pulse RUS. This control pulse is generated during 
extracode instruction MSU_(modular subtract) and counter instructions PCDU, MCDU 
and SHIFT. Output signals SUMA01 through SUMA16 and SUMB01 through SUMB16do not 
require a read signal. They are direct inputs to the erasable and fixed bank registers. 


The carry gate output from each bit position (CI02~CI15) is applied to the next high 
order bit position (C102 from_bit position 1 to bit position 2, etc). The end~around 
carry from bit position 16 (EAC) is applied to bit position 1 through the carry logic 
(figure 4-153). End-around carry is inhibited during a multiply instruction. At time 10 
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of subinstruction MP0, FF40426-40427 is set and signal NEAC (no end~around carry) 
inhibits the carry~in gate. The gate is again enabled at time 6 of subinstruction MP3 
which occurs at the end of the multiply instruction. A logic ONE is forced into bit 
position 1 during certain instructions by the carry-in flip-flop (FF33458-33459). 
Control pulse CI from the sequence generator sets this flip-flop, the output of which 
is applied as an enabling level to the carry-in gate of bit position 1. Clear signal CUG 
resets the flip-flop. 


The_carry-propagate and carry-skip chains (figure 4-153A) control the carry gate 
outputs C102 through C116 and the end-around-carry signal, EAC. The carry-propa- 
gate chain comprises 16 series sections; each section controls the carry-in function to 
the next bit position in line. Bit position 16 controls EAC and, consequently, the 
carry-in function to bit position 1. Without the carry-skip chain, a carry could be 
propagated in series through all bit sections with a corresponding excessive propa- 
gation delay. The carry~skip chain prevents this excessive delay by sampling sets of 
four bit-sections and the carry~in to the first bit of each set. If a carry would be 
passed through all four bits of a monitored set by the carry-propagate chain, then the 
carry-skip circuit passes the carry-in to the fifth bit-section in line. The seven 
carry-skip-chain circuits monitor bits 1 through 4, 3 through 6, 5 through 8, 7 through 
10, 9 through 12, 11 through 14, and 13 through 16. The worst case-propagation time 
through the skip chain requires 3 skip detections and 4 carry propagations. 


Generation of carry~in signal Ci02 produced by gate 51114 is typical of all carry- 
in signals except C101. Gate 51114 produces C102 (representing a carry-in to bit posi-~- 
tion 2) when a ONE is contained in bit position 1 of registers X and Y (gate 51109) is 
euabled) or when gate 51112 is enabled. Gate 51112 senses three conditions to perform 
an exclusive OR function; either or both bit positions are cleared (either the X bit or 
the Y bit is a ZERO), C101 is present (there is a Carry-in), and XUY01 is present (one 
or both bit positions are filled), Signal Cl02, applied to the next propagate section in 
the chain, controls generation of C103. 


Generation of carry-skip signal C004 (1, 2, 3, and 4 skip-gates 53462, 51101, and 
51201) is typical of the seven skip signals. Signals WHOMP and WHOMPA may or may 
not inhibit the skip signals (in this case through gate 53462). Signals WHOMP and 
WHOMPA are assumed not present. Gates 51101 and 51201 produce C004 when signals 
XUYO1 through XUY04 and C101 are present. The XUY signals indicate that a corres- 
ponding bit position contains a ONE. Therefore, to produce C004 there must be bits 
present in positions 1 through 4 {X or Y) and a carry-in for bit position 1. With these 
conditions, C004 generates the carry-in signal C105 directly for bit position 5 through 
gate 51314. Signal C105 conditions gate 52101 which controls the next skip signal in 
line, C008. The skip chain produces signals C004, C105, C008, C109, C012, C113, and 
finally C016 in sequence if a carry is propagated through the adder. This carry path 
generates EAC before either the propagate chain or the other skip circuits. All the 
skip circuits and the entire propagate chain will be enabled when a carry is propa- 
gated through the entire adder. 
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Figure 4-153A. Adder Carry- Propagate and 
Carry-Skip Chains 
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The carry-propagate and carry-skip chains speed-up computations in the adder. 
Also, removal of the carry must be accomplished in as short a time as possible, sig- 
nals WHOMP and WHOMPA accomplish this latter condition. During the divide in- 
struction, signal CLXC clears the X register. The desired sum readout during the 
next microsecond is the content of tbe Y register without any X register content or 
any carry detected. Signal EAC, indicating a carry into bit position 1, remains when 
eitber the Carry-propagate or carry-skip chain remains enabled at bit position 16. 
Due to propagation delay through the chains, EAC would not be removed by the chains 
in time. Signal CLXC initiates signals WHOMP and WHOMPA. They inhibit enough 
carry-propagate and skip gates in the chains to remove all carry signais, including 
EAC, in time for the proper sum to he readout. Divide instruction control pulse 
DVXP1 or control pulse NISQ removes WHOMP and WHOMPA before another carry 
operation is required. 


An example of the inhibiting operation is as follows: Gate 54314 requires enabling 
logic ZERO levels on all three legs to remove EAC. The output of gate 54309 applied 
to gate 54314 is a logic ZERO level because X16 inhibits gate 54309 (CLXC cleared 
the X register). Signal WHOMP inhibits gate 54363 which enables a second leg of gate 
54314. Gate 53314 (signal C113) is enabled and inhibits gates 54101 and 54201 which 
supply enabling voltage to the remaining leg of 54314. Signal WHOMP controls two 
enabling inputs of gate 53314; gate 53309, inhibited by signal X12, enables the remain- 


ing output. 


The quantities entered into the arithmetic unit during normal computations contain 
the sign in both positions 15 and 16. If overflow or underflow occurs, bit position 15 
will contain a value bit which is opposite to the correct sign bit. A ONE in bit position 
15 indicates overflow when both operands are positive; a ZERO in bit position 15 indi- 
cates underflow when both operands are negative. The correct sign of the sum is 
always contained in bit position 16. 


4-5.5.10A Erasable and Fixed Bank Registers Service. Service for the two bank 


registers is illustrated in figure 4-153B. Read, write, and clear signals are generated 
to accomplish the data flow as illustrated in figures 4-138A and 4-138B. Either bank 
register or both_registers can be addressed simultaneously. The individual signals 
Such as REBG, WEBG, and CEBG for the erasable bank register, and RFBG, WFBG, 
and CFBG for the fixed bank register, are generated similar to the signals produced 
for the flip-flop registers. In addition, signal U2BBK (register U to botb banks) and 
signal RBBK (read both banks) operate the service to clear both banks, to write infor- 
mation directly from the adder, and to read that content into the memory address 
circuits. Address signals XB3 (address 0003) and XB4 (address 0004) initiate service 
signals for the erasable bank register (0003) or the fixed bank register (0004), re- 
spectively. Signal WSCG and address 0006 (signal XB6) enable gate 33312 which 
causes Clear_and write signals to be produced for both banks simultaneously. Signals 
RSCG and XB6 at gate 33413 produce simultaneous read signals. 
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Figure 4-153B. Erasable and Fixed Bank Registers Services 
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4-5.5.10B Erasable Bank Register. The erasable bank register (figure 4-153C) re- 
ceives bit inputs from the adder (SUM A - direct or SUM B - complement), write lines 
1, 2, and 3 if both banks are being written into; or write lines 9, 10, and 11 if the 
erasable bank register alone is being written into. The content of this register Is 
detected as outputs EB9, EB10, and EB11 and their complements._ Two read _signals 
are used to transfer the register content to the write amplifiers, REBG and RBBEG. 
Signal REBG transfers the content to write amplifiers 9,10, and 11. Bit 11 is placed 
on the write lines through gate 35127 in the fixed bank register. Since bit 11 is time 
shared by both the erasable and fixed bank register, this read sequence is used when 
only the erasable bank register is read. When both are read, signals BBK1, BBK2, 
and BBK3 are coupled to write amplifiers 1, 2, and 3. Output signals EB9 through 
EB11 and complements are applied to the address decoder to be used with the S regis- 
ter content. 


4-5.5.10C Fixed Bank Register. The fixed bank register (figure 4-153C) receives bit 
inputs from the adder (SUM A - direct or SUM B - complement) and from write lines 
11, 12, 13, 14, and 16. The output of this register is detected as outputs FB11, FB12, 
FB13, FB14, and FB16 and their complements. Only one read signal, RFBG, is used 
to readout the content of this register. It is produced when either the fixed bank regis~ 
ter or both the fixed bank register and the erasable bank register are being read out. 
Signals RL11, RL12, RL13, RL14, and RL16 are applied to respective write amplifiers, 
and signal BK16 enters write amplifier 15. The fixed bank register outputs are 
applied to the fixed address generator where, in conjunction with tbe fixed bank ex- 
tendible register and the address decoder outputs, a fixed memory location is selected. 


4-5.5.10D Fixed Bank Extendible Register. The fixed bank extendible register (figure 
4~-153C) is serviced (write-in Or readout) aS an input channel (0007) using bits 9, 6, and 
7. Its outputs (E5, E6, and E7) are coupled to the fixed address generator to be used 
in conjunction with the fixed bank register outputs and register S outputs $11 and $12. 
The fixed address generator outputs in conjunction with the address decoder outputs 
specify a fixed memory address. 


4-5.5.11 Write Amplifiers. The write amplifiers consist of an extended NOR input 
configuration, the output of which is applied through an output driver. One write 
ampllfler configuratlon 1s assoclated with each bit position of the flip-flop registers as 
shown in figure 4-142. Outputs WLO01 through WL16 and their complements are 
available and are designated as the write lines. The write amplifiers function logically 
as an OR gate. If_any one input is a logic ONE, output WL-~ is a logic ONE, and the 
complement output WL-- is a logic ZERO. The latter output is used extensively as an 
enabling level to transfer information from one register to another, and for other 
gating functions throughout the computer, 


The majority of inputs to the write amplifiers are from the fllp-flop registers. The 
output from each bit position of the registers is wired directly to an associated write 
amplifier input. The 16 bit output of any one register involves the 16 write amplifiers 
contained in logic modules A8 through All. 
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The inputs to the write amplifiers, excluding the flip-flop register inputs, are 
indicated in table 4-LXXVII and are described in the following paragraphs. 


Inputs CAD1 through CAD6, from the counter address generator in priority 
control, determine the address of the counter in erasable memory which is to be 
updated. Since these inputs are applied to the six low-order bit positions, counters at 
locations up to 0077 could be addressed. However, the arrangement of counters in 
erasable memory at present involves addresses 0024 through 0060. A specific counter 
address is determined by the correct combination of inputs CAD1 through CAD6. 
This is illustrated as follows for the address of the time 6 (T6) counter - address 0031. 
For this address, inputs CAD5, CAD4, and CAD1 are logic ONE's; the remaining inputs 
are logic ZERO's. Inputs to write amplifiers 7 through 15 are not enabled; therefore, 
the full address is 00031 (octal). 
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Figure 4-153C. Erasable Bank, Fixed Bank, 
d and Fixed Bank Extendible Registers 
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Table 4-LXXVII. Write Amplifiers 
External Inputs 
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WRITE LINE 


Inputs RPTAD3, 4, 5, 6, and RPTAD12 are placed on the write lines from the 
interrupt address generator in priority control. These inputs are used to determine 
one of addresses 4004, 4010, 4014, 4020, 4024, 4030, 4034, 4040, 4044, 4050, which 
are respectively the locations in fixed memory for the first instruction of ‘the T6RUPT, 
T5RUPT, T3RUPT, T4RUPT, KYRPT1, KYRPT2, UPRUPT, DLKPPT, RADRPT, and 
HNDPPT transfer routines. These locations are addressed as indicated helow when 
interrupt priority control receives interrupt requests. 


RPTAD12] RPTAD6 | RPTADS | RPTAD4 
SSS 
0 


0 T6RUPT 
T5RUPT 


T3RUPT 
T4RUPT 
KYRPT1 
KYRPT2 
UPRUPT 


DLKRPT 
RADRPT 


HNDRPT 


Inputs BBKi through BBK3 appear on the write lines in conjunction with the 
contents of the erasable bank (EB) and the fixed bank (FB) registers, when both of 
these registers are read out simultaneously. The content of either of these registers 
ean also be individually placed on the write lines and appear as EBS, EB10 or FB11 
through FB16 respectively. 
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Control pulse R6 is generated as a function of peripheral instruction FETCH, 
and causes address 00006 to be generated to address EB and FB registers. 


Octal address 00015 is placed on the write lines by control pulse R15 which is 
generated during instructions RUPT and RSM. During an interrupt program (RUPT), 
the address of the instruction to be executed next and which is stored in register Z, 
is transferred to location 00015 in erasable memory. When the interrupt program 
is completed, the resume instruction (RSM) generates control pulse R15 whicb in turn 
produces address 0015. The information entered into this location in memory during 
RUPT is returned to the central processor. 


The quantity minus one is placed on the write lines by control pulse R1C, which 
is applied to write amplifiers 2 through 16. There is no connection to write amplifier 1. 
This action results in the quantity 1 111 111 111 111 110 (1777763) when RIC is 
generated. 


Control pulse RB1is generated during certain subinstructions and causes the quantity 
plus one (000001g) to be placed on the write lines. Similarly, the quantity plus two 
(0000028) is placed on the write lines by control pulse RB2. 


Control pulse RSTRT produces the start address when instruction GO is generated 
by signal GOJAM. The start address is in fixed memory at location 04000, which is 
determined by RSTRT as a ONE in bit 12. 


Data from the IN/OUT channels is routed through the write amplifiers as inputs 
CHO01 - CH14 and CH16. 


A 16 bit word can be loaded into the computer from the CTS during tests through 
inputs MDTO1 through MDT16, 


4-5.5.12 Register _§. Register S, the memory address register, accepts the 12 bit 
relevant address contained in an address word. The address is written into register § 
(figure 4-154) from the write lines subject to write pulse WSG which is generated 
when control pulse WS and timing signal WT are coincident. No read signal is generated 
to read the address out of register S. The outputs (S01 through $12) and their comple-~ 
ments are available directly from the output gates. Ten bit positions are used to select 
the first 1024 storage locations in erasable memory. Ail 12 bit positions are used in 
conjunction with three bit positions of register EBANK to select the remaining 1024 
storage locations in erasable memory. In addition, all 12 bit positions of register S, 
5 bit positions of register FBANK, and 3 bit positions of register FEXT enable access 
to all storage locations in fixed memory. 


4~5.5.13 Address Decoder. A storage location in erasable memory is selected by means 
of an X-Y coordinate system. There are 64 X coordinates and 32 Y coordinates. The 
X coordinates are controlled by selection signals XBO through XB7 and XTO through XT7. 
The Y coordinates are controlied by selection signals YBO through YB3 and YTO through 
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Figure 4-154, Memory Address Register (S) 
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YT3. Signals XB, XT, YB and YT are generated by the address decoder (figure 4-155) 
as a function of bits 1 through 12 from register 5 (S01 - $12). Bits 1 through 3 produce 
signals SBO through SB7; bits 4 through 6 produce signals XTO through XT7; bits 7 and 
8 produce signals YBO through YB3; and bits 9 and 10 in conjunction with bits EB9 
through EB11 produce signals YTO through YT7. (See table 4~LXXVIII.) 


Combinations of selection signals XB, XT, YB and YT allow access to all locations 
in erasable memory. Signal XB, XT and YB in conjunction with signals YTO through 
YT2 allow access to the first 1024 locations of erasable memory (unswitched erasable 
memory). Signals XB, XT, and YB in conjunction with signals YT3 through YT7 allow 
access to the remaining 1024 locations of erasable memory (switcbed erasable mem-~ 
ory). Locations in unswitched erasable memory can also be addressed as locations of 
switched erasable memory if the proper bank number is entered into register EBANK. 
This is due to an overlap in the addressing scheme. However, addresses 0000 through 
0377 (Bank 0) are normally addressed only by register S. 


4~5.5.13A Fixed Address Generator. The fixed address generator (figure 4-155A) 
produces outputs F1l through F16 and complements which are applied to fixed mem- 
ory. Tbese signals, in conjunction with the address decoder outputs, specify fixed 
memory addresses as discussed in tbe memory section. The outputs are produced as 
a function of bits 11 and 12 from the S register; E5, E6, and E7 from the fixed bank 
extendible register; and signals from the fixed bank register. 


4-5.5.14 Counter Address Signals. Counter address signals (figure 4-156) are gen- 
erated whenever counters in erasable memory must be updated. These signals are 
generated _as a function of bits 11 and 12 of register S; address selection signals YTO, 
YBO, and XT2 through XT6; and EB9, EB10, and EB11 from the erasable bank register. 
Tbe address specified by these inputs must be_less than 0100, or the generation of 
the counter address signals is inhibited by signal NDR100. 


Each counter address signal specifies certain locations in erasable memory as 
follows: 


(1) OCTAD2 ~ Locations 0020 througb 0027. 
(2) OCTAD3 ~ Locations 0030 through 0037. 
(3) OCTAD4 - Locations 0040 through 0047. 
(4) OCTAD5 - Locations 0050 through 0057. 


(5) OCTAD6E - Locations 0060 through 0067. 


These output signals are supplied to priority control to prepare the priority cells to 
accept new incremental information. 
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4-5.5.15 Parity Logic. The parity logic (figure 5-157) insures that all words trans- 
ferred from memory to the central processor are read out correctly and generates 4 


parity bit for all words written into erasable memory. Parity check in the computer 
is that of odd parity; that is, the total number of ONE's in the word including the 


parity bit is odd. 
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Figure 4-155. Address Decoder (Sheet 1 of 2) 
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Figure 4-155. Address Decoder (Sheet 2 of 2) 
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Figure 4-155A. Fixed Address Generator 
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Table 4-LXXVIII, Erasable Memory 
Address Selection 


Switched Erasable Memory 


Unswitched Erasable Memory 


Address Register S Bits Address Selection Bank] Address | E Bank Bits Register S Bits Address Selection 
Signals Signals 
0000/0 0 O00 0/00 0J/000 0 0 0 100/00090/000/YTO YBO XTO XBO 
001 
010 
011 
100 
lol 
110 
0007/0 0 0 ]000/000]111 0 00 Lt tif se Hl a YB3 XT7 XB7 
00 0/000]/001]000 1400 001 100/000!000)]YTI1 YBO xTO at 
00 o0/]/o000]/1114/111 Lf ey 001 i il Slat ah a [al Sass) ey Say 
00 0O/001J/000]000 1400 010 0 0 1/100]/000100 0/yYT2 ae ais XBO 
037710 0 010 Lit ih ifs il ii ot a 4 a il G) aie St i Tyla i i i YB3 XT7 XB7 
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Figure 4-156. Counter Address Signals 


A word read out of memory is applied directly to the parity logic from the bit 
outputs of register G (G01-G14 and G16), excluding bit 15, the parity bit, which is 
never placed on the write lines. The input gating complex of the parity logic combines 
tbe 15 bit input into a 5 bit output. The five bits are indicative of the inputs combined: 
PAO3 indicates bits 1, 2, and 3; PAQO6, bits 4, 5 and 6; PAO9, bits 7, 8, and 9; PA12, 
bits 10, 11 and 12; and PA15, bits 13, 14, and 16. The five bits are also indicative 
of the number of ONE's in each three bits and the total number of ONE's in tbe word. 
If any bit (PA03, PAO6, etc.} is ZERO, an odd number of ONE's was contained in the 
three bits combined; if any is a ONE, an even number of ONE's was contained in the 
three bits combined. Likewise, if the 5 bit combination contains an odd number of 
ONE's, the entire word contained an odd number of ONE's and vice versa. 


The five bit outputs and complements are applied to the parity tree (gates 34227, 
etc.}. The inputs (PA03, PA0O6, etc.) are combined in this gating complex into a single 
output from gate 34240. This output is inverted by gate 34242. 


The parity bit from memory (SAP) is applied to FF34245-34246. If the parity 
bit is a ONE, the flip-flop is set; if the parity bit is a ZERO, the flip-flop remains 
reset. The set and reset outputs of the flip-flop gate against the outputs of gates 34240 
and 34242, respectively. If parity is correct, no alarm occurs; a parity error generates 
a parity alarm signal (PAL E), 
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When a word is to be written into erasable memory, the parity logic generates a 
parity bit and writes this bit into memory. This is accomplished as follows: A word 
being written into memory is deposited in register G. Simultaneously, the bit outputs 
of G are applied to the parity logic. The word is checked for an even or odd number 
of ONE's, and PAL E occurs in case of incorrect parity. The parity tree output is 
applied to gate 34243. This output (PC15) is the correct parity bit of tbe word. The 
parity bit is applied directly to memory as signal GEM15. 


4-5.6 PRIORITY CONTROL. Priority control (figure 4-158) consists of three sepa- 
rate and functionally independent areas: start instruction control, interrupt instruction 
control, and counter instruction control. The start instruction control restarts the 
computer following a hardware or program failure. The interrupt instruction control 
forces the execution of the interrupt instruction RUPT to interrupt the current opera-~ 
tion of the computer in favor of a programmed operation of bigher priority. The 
counter instruction control updates counters in erasable memory upon the reception of 
certain incremental pulses. 


4-5.6.1 Start Instruction Control. The start instruction control consists of the logic 
alarms processor and the start-stop generator. The logic alarms processor detects 
the presence of any one of several abnormal conditions that may occur within the 
computer, and generates an alarm signal (ALGA) whenever any of these conditions 
exist. The abnormal conditions are as follows: 


1) RUPT lock 

2) TC trap 

3) Parity alarm 

4) Night watchman fail. 


A RUPT lock alarm indication occurs if a program interrupt has been in progress 
too long, or if an interruption has not occurred during a predetermined period. The 
latter is indicated by the presence of the interrupt in progress signal (IIP) from the 
sequence generator. A TC trap alarm indication occurs if too many TC or TCF in- 
structions are executed, or if instruction TCF or increment signal (INKL) is not 
executed often enough. A parity alarm occurs if a word entered into the central 
processor from memory has been incorrectly read-out. A night watchman fail indi- 
cation occurs if the computer fails to address location 0067 within a period varying 
from 0.64 to 1.92 sec. 


The start-stop generator receives signal ALGA and generates the start order 
code signal (GOJAM) at the next time 12 to restart the computer. The restart condi- 
tion is indicated on the DSKY by the RESTART lamp being lighted. The start-stop 
generator simultaneously produces the T12 STOP signal, which inhibits the generation 
of timing pulses TO1 through T12 in the timer until signal GOJAM has reset all critical 
circuits in the computer, and forces the sequence generator to execute instruction GO. 
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Figure 4-157, Parity Logic 
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Alarm signal STRT1 (power supply fail), alarm signal STRT2 (oscillator fail), or signal 
SBY (standby) also cause the computer to be restarted. In addition, the computer can 
be started or stopped manually from the peripheral equipment by signals monitor start 
and monitor stop. Signal monitor start coincident with timing pulse T12 causes the 
generation of signal GOJAM, and signal monitor stop coincident with T12 inhibits the 
generation of timing pulses T01 through T12 until the monitor stop signal is removed. 


4~5.6.2 Interrupt Instruction Control. The interrupt instruction control, whicb con- 
sists of interrupt input circuits and an interrupt address generator, generates an 
interrupt address and the interrupt order code signal (RUPTOR) when interrupt con- 
trol signals (requests) are received from the input-output section. Tbe 12 bit inter- 
rupt address causes the addressing of one of ten locations in fixed memory in the LGC 
and one of nine locations in the CMC, dependent upon the interrupt request received. 
These locations contain the first instruction of an interrupt (RUPT) transfer subrou- 
tine which, when executed, initiates the execution of a particular routine within the 
program. 


The interrupt input circuits receive interrupt control signals from the input-output 
section and decoded addresses from the central processor. From these inputs, the 
input circuits generate interrupt requests and priority signals subject to control 
pulses from tbe sequence generator. The interrupts are processed on 2 priority basis 
so that those interrupts having the highest priority (lowest priority number) are 
processed first. The priority signals specify the priority of the interrupt being 
processed. The interrupts and their respective priorities are indicated in table 
4-LXXIX. 


Table 4-LXXIX. LGC/CMC Interrupts 


Priority Interrupt Subroutine 


LGC CMC 


T6 RUPT T6 RUPT 

TS RUPT TS RUPT 

T3 RUPT T3 RUPT 

T4 RUPT T4 RUPT 
KYRPT1 KYRPT1 
KYRPT2, KYRPT2, MKRPT 
UPRUPT UPRUPT 
DLKRPT DLKRPT 
RADRPT ooo 

HNDRPT HNDRPT 


1 
2 
3 
4 
3) 
6 
7 
8 
9 
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A TGRUPT enables information to be sent to the reaction control system; a 
TSRUPT enables information to be sent to the thrust vector control system; a T3RUPT 
enables the computer to perform internal tasks that must be performed at a specific 
time; and a T4RUPT enables information to be sent to the DSKY, ISS, and OSS. In the 
LGC, keycode interrupt KYRPT1 occurs when any key is depressed on the DSKY. 
Keycode interrupt KYRPT2 occurs when mark signals are received from the CCRD. 
An UPRUPT is generated when the flag bit appears in bit position 16 of the uplink word, 
indicating serial-to-parallel conversion is complete. A DLKRPT is generated when 
the downlink end pulse is received, indicating the end of a downlink transmission. This 
interrupt allows the appropriate output channel to be loaded in preparation for the next 
downlink transmission. A RADRPT occurs when inputs are received from the rendez-~ 
vous radar. A HNDRPT occurs whenever a command is received from the hand con- 
trollers in the spacecraft. 


The CMC has two associated DSKY's. Interrupts KYRPT1 and KYRPT2 occur as 
a result of inputs from the main and navigation keyboards respectively. The mark sig- 
nals cause MKRPT directly in the CMC. The remaining interrupts are identical to 
those of the LGC except that there is no radar interrupt subroutine (RADRPT}. 


The interrupt address generator receives interrupt requests and priority signals 
and generates the address of the first location of the appropriate interrupt transfer 
subroutine. The addresses and the associated interrupt transfer subroutines are also 
indicated in table 4~LXXIX. 


The interrupt address generator produces a signal RUPTOR which is applied to 
the sequence generator to cause the generation of instruction RUPT. Thus, when an 
interrupt condition occurs, the priority of the request is generated which inhibits the 
generation of lower priority interrupts, the address of the interrupt transfer subrou- 
tine is formed, and the sequence generator is conditioned to interrupt the normal 
program operation to allow the interrupt to be processed. The interrupt address is 
then supplied to the interrupt input circuits to reset them in preparation for the next 
interrupt. 


4-5.6.3 Counter Instruction Control. The counter instruction control receives incre- 
mental pulses from the input-output section to update the various counters in erasabie 
memory (locations 0024 through 0060). Counter instruction control consists of counter 
priority cells, a counter alarm detector, and a counter address generator. There are 
29 priority cells in the counter instruction control, one cell per counter. When an in- 
cremental pulse is received, the appropriate priority cell generates an address signal 
and a counter instruction signal. The address signal enables the counter address 
generator to form the address of the counter to be updated; the counter instruction 
signal forces the sequence generator to generate counter instructions (PINC, MINC, 
SHINC, SHANC, PCDU, MCDU, and DINC). 


The counters in memory are updated according to a priority scheme in which the 
counter having the lowest address has the highest priority and the counter having the 


Rev. F 4-433 


ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, ANO CONTROL SYSTEM 


eS 


highest address has the lowest priority. When a particular counter is being updated, 
all other counters of lower priority are inhibited from being updated by the priority 
celis. In addition, the priority cells generate a counter OR (CTROR) signal which is 
supplied to the sequence generator and the counter alarm detector. This signal is 
used in the sequence generator to produce increment signal INKL, which must be 
generated prior to a counter instruction. 


The counter address generator receives address signals from the priority cells 
and generates the address of the counter to be updated. This address is contained in 
six bits (CAD1 through CAD6)} which are the six least significant bits; however, these 
six bits produce a 12 bit address in the central processor since the six most significant 
bits contain ZERO's when placed on the write lines. When the counter address is 
supplied to memory by the central processor, it is also supplied to the counter priority 
cells. This address in conjunction with reset control pulses from the sequence gen- 
erator resets the priority cell that generated the address signal in preparation for the 
next incremental pulse. 


Counter incremental pulses are also supplied to the counter alarm detector to in- 
sure the detection of abnormal counter activity. A counter alarm is generated if a 
counter is not updated following the generation of an increment request (INKL) by the 
sequence generator or if a counter increment lasts too long (over 0.625 msec). The 
counter alarm is forwarded to the alarm circuits to initiate a failure display. 


4-5.6.4 Start Instruction Control Detailed Description. The start instruction control 
consisting of the logic alarms processor and the start-stop generator is illustrated in 


figure 4-159. Signal GOJAM is the resultant output of the start instruction control 
logic. This is, in effect, a master clear signal, which is applied to all functional areas 
of the computer except the power supplies, and conditions these functional areas for a 
restart condition. Signal GOJAM is generated by the start-stop generator for certain 
logic alarms, voltage failures from the power supply, standby operation initiation, or 
inputs from the peripheral equipment. 


A RUPT alarm occurs if no interrupts occur within 160 milliseconds of each 
other, or if an interrupt is in progress for too long atime. This latter condition is 
referred to as RUPT lock. The RUPT alarm circuit consists of the two flip-flops. 
FF41107-41108 and FF41109-41110. 


Consider that an interrupt has taken place and terminated. The condition being 
sensed is that another interrupt should occur within the specified period of 160 milli- 
seconds. Refer to number 1 encircied on the timing diagram of figure 4-160. Signal 
F14B resets both flip-flops. However, as the interrupt terminates, signal IP be- 
comes a logic ONE and sets F¥F41109-41110. The set output of this flip-flop inhibits 
gate 41113. The failure of another interrupt to occur is sensed by gate 41112. ff 
another interrupt occurs, FF41107-41108 is set by signal P. The set output inhibits 
gate 41112 and no alarm occurs. However, if another interrupt does not occur, the 
flip-flop remains reset. Signal F14H strobes gate 41112 generating signal ALGA 
{refer to number 2 encircled on figure 4-160}. 
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Figure 4-159. Start Instruction Control 
Detailed Logic 
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Figure 4-160. RUPT Alarm Logic Timing Diagram 


A RUPT lock condition is sensed by gate 41113. When an interrupt occurs, 
FF41107-41108 is set by signal IIP thus inhibiting gate 41112. If the interrupt condi- 
tion remains through the interval of two succeeding strobe pulses (F14H), FF41109- 
41110 will not be reset by F14B since signal IIP remains at a logic ZERO level. Signal 
F14H strobes gate 41113 generating signal ALGA (refer to number 3 encircled on 
figure 4-160). A RUPT alarm condition, either the failure of interrupts to occur 
within the specified period or a RUPT lock, is available to the peripheral equipment as 
signal MRPTAL. There is no differentiation within the CSS between these two condi- 
tions. Actually there is no differentiation between any of the logic alarms described 
here. The only indication within the CSS of a logic alarm or power supply failure is 
the illumination of the RESTART lamp on the DSKY. 


The transfer control alarm logic (FF41121-41122 and FF41123-41124) generates 
an alarm Condition if transfer control (TC) or transfer control to fixed memory (TCF) 
instructions do not occur within approximately 15 milliseconds of each other, or if too 
many consecutive TC or TCF instructions are executed. The latter condition is re- 
ferred to as TC trap. A condition of excessive counter incrementing is also indicated 
by this alarm logic. 
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Timing signals F10A and F10B establish the required interval for sensing a TC 
alarm condition. The period between these two pulses is 5 milliseconds as shown in 
figure 4-161. Signal F10B resets both flip-flops in the alarm logic, and signal F10A 
strobes the output gates. Consequently, approximately 5 to 15 milliseconds can elapse 
before a TC alarm is generated. This maximum period is illustrated in figure 4-161. 
A TC instruction is shown occurring first after reset pulse F10B. Signal F10B resets 
both flip-flops of the TC alarm logic. It would appear that FF 41123-41124 would re- 
main reset thus enabling gate 41126. However, in the first MCT following reset signal 
F10B, the flip-flop is set at time 4 (T04) thus inhibiting gate 41126. Therefore, gate 
41125 senses successive TC instructions within the specified period. Referring to 
figure 4-161 again, a TC instruction is executed and the signal TCO or TCFO sets 
FF41121-41122. Approximately 5 milliseconds elapses before F10A occurs to strobe 
the output gate. No alarm occurs since the set state of the flip-flop inhibits gate 41125 
(number 1 encircled on figure 4-161). Signal F10B again resets both flip-flops. 
FF 41123-41124 is set at time 4. If no TC or TCFO instruction is executed before the 
next F10A strobe, signal ALGA is generated coincident with F10A as shown by num- 
ber 2 encircled on figure 4-161. 


lf the computer is executing TC instructions continually (TC trap) or if counter 
incrementing is excessive, the indication to the alarm logic is effectively a level 
since the computer is caught in a continuous loop. The period in which this condition 
would be sensed varies from a minimum of approximately 5 milliseconds to a maxi- 
mum of approximately 15 milliseconds. Figure 4-161 depicts the maximum period 
{number 3 encircled). FF41123-41124 can conceivably set immediately after F10B 
occurs. Therefore, when the first F10A strobe occurs after the computer is in 2 TC 
trap, no alarm indication is generated. An alarm indication is generated when the 
second F10A_strobe occurs. A TC alarm condition is available to the peripheral 
equipment as MTCAL. 
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Figure 4-161. Transfer Control Alarm Logic Timing Diagram 
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The WATCH logic alarm generates signal ALGA if the computer fails to address 
location 00067 within a period varying from approximately 0.65 sec. to approximately 
1.9 sec. The period is established by signals F17A and F17B as shown on the timing 
diagram of figure 4-162. Signal F17B resets FF49111-49112. If location 0067 is ad- 
dressed before F17A occurs, the flip-flop is set thus inhibiting gate 49114. If this 
location is not addressed within this interval, the flip-flop remains reset and gate 49114 
is enabled and strobed by F17A. Thls action generates signal WATCHP, which pro-~ 
duces ALGA and causes the watch flip-flop (F F49116-49117) to set. The minimum 
and maximum intervals are illustrated in figure 4-162. 


The output of gate 49110 is indicative of location 0067 being addressed at time 2 of 
a particular memory cycle. At the time shown, the location is addressed approxi- 
mately 0.65 millisecond prior to F17A. The location must he addressed again prior 
to the next F17A strobe. As indicated, this address is a maximum of approximately 
1.9 seconds from the previous time at which location 0067 was addressed. 


A parity alarm (PALE) indicates that a word read out of fixed or erasable mem- 
ory Contains an even number of ONE's. This logic alarm indication is applied directly 
to the output gates of the logic alarms processor to generate signal ALGA, and sub- 
sequently signal GOJAM. Signal ALGA can be inhibited by input NHALGA which is 
applied to gate 41118 from the peripheral equipment. This inhibit prevents any of 
the logic alarms described above from generating signal GOJAM. 


The start-stop generator generates signal GOJAM to restart the computer in 
response to the logic alarms go signal ALGA; signals STRT1, STRT2, and SBY from 
the power supplies, and inputs from the peripheral equipment. Signal STRT1 indicates 
failure of the +4 and +14 volt power supplies; Signal STRT2 indicates failure of the 
oscillator (both are described in paragraph 4-5.9 - Power Supplies). Signal SBY oc- 
curs when the standby mode of operation is initiated. Signal MSTRT from the periph- 
eral equipment sets F F41103-41104. The flip-flop output is gated by timing signal F05A 
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Figure 4-162. Watch Alarm Timing 
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to produce MSTRTP to the input flip-flop (F F37228-37229) of the start-stop generator. 
Flip-flop 41103-41104 is reset when MSTRT reverts to logic ZERO. 


Any one of the signals described, ALGA, STRT1, STRT2, SBY, or MSTRTP, sets 
the start-stop generator input flip-flop. At the following time 12 or at the end of a 
memory cycle, a secondary level flip-flop (F F37233-37234) is set. The STOPA output 
of this latter flip-flop generates signal STOPA, STOP and its complement, and causes 
signal GOJAM. Signal STOP inhibits outputs from the time pulse generator in the 
timer, and STOP the memory cycle timing. Signal GOJAM is applied to all functional 
areas of the computer except the power supplies and essentially initializes the com-~ 
puter for a restart condition. In the sequence generator, GOJAM causes subinstruc- 
tion GOJI to be generated. This signal resets the input flip~flop which subsequently 
resets the secondary level flip-flop (coincident with EVNSET) thus removing the STOP 
signal, which allows the time pulse generator to run. Signal STRT2, the oscillator 
fail signal, generates signal GOJAM immediately without the timing restrictions of 
EVNSET and T12DC applied to gate 37231. 


Signals STOP and GOJAM are also generated by input MSTP from the peripheral 
equipment. The monitor stop input sets FF37238-37239 at the end of a memory cycle 
(T12DC), and causes signals STOP and GOJAM. The time pulses resume when the 
monitor stop input is removed. This feature allows individual memory cycle times to 
be observed on the peripheral equipment. 


4-5.6.5 Interrupt Instruction Control Detailed Description. The interrupt instruction 
control logic (figure 4-163) accepts interrupt requests, generates an associated ad- 


dress, and causes a program interrupt routine to be initiated. 


There are ten interrupt conditions in the LGC and nine in the CMC, indicated in 
table 4-LXXIX. Each interrupt sets an associated flip-flop in the input circuits. The 
flip-flops are arranged in order of priority of the interrupts in figure 4-163. The out- 
puts labeled R1 through R10 (and complements) also indicate this priority. An input 
flip-flop is set by an interrupt request; its outputs are applied through the priority 
control logic to the address generator. The flip-flop is reset by reset pulse KRPTA 
coincident with the generated address. For example, a T6RUPT occurs when address 
0031 is coincident with signal ZOUT in the counter priority cells. The output of gate 
35307 sets FF35308-35309 generating signal Rl. The output of gate 35307 also gen- 
erates signal T6RUPT which clears bit position 15 of channel 13. All lower priority 
interrupts are inhibited until T6RUPT is completed. This is accomplished by signal Rl 
applied to gate 35320. The inhibit action is effective down through all lower priority 
control gates and allows FF35234-35235 to set (by timing pulse T10) enabling signal 
RUPTOR. This flip-flop is reset when no further interrupt requests are present. 
Signal RUPTOR is applied to the sequence generator to initiate the interrupt condition 
in the computer. 


Signal R1 is applied to the address generator, directly to gate 35350 and through 
gates 35314 and 35319. This action enables the output gates, and, when read signal 
RRPA occurs, output RPTAD3 becomes a logic ONE. All of the outputs from the 
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priority control as a functlon of bit 8. A ONE entered into this bit position of channel 
13 allows these incremental inputs to initiate a counter interrupt sequence in priority 
control and update an associated counter in memory, Bits 10, 11, and 15/16 of channel 
13 are control bits for functions internal to the LGC, Bit 10 (Alarms Test) lights the 
RESTART and STBY lamps on the DSKY, Bit 11 enables the LGC to enter the standby 
mode, Bit 15/16 enables the T6 interrupt routine. The manual inputs entered into 
channel 31 (attitude and translational) initiate an interrupt sequence under program 
control through bits 12 and 13 of channel 13, The manual discrete inputs are applied 
to the handrupt control logic. The program enters the proper data into positions 
12 and/or 13 and HNDRPT is initiated. 


The output channels (figure 4-159) are all flip-flop registers with write and read 
service. Data is written into the output channels from the central processor coincident 
with an address supplied by the program into the service gates, Output channels 5, 
6, 16, 11, and 12 supply output discretes to other systems as indicated in figure 4-159. 
Channel 14 controls the transmission of incremental drive puises to the gyros and the 
CDU, An output is enabled (gyro or CDU) by placing a ONE in the proper bit position 
of channel 14, This is accomplished by the program. For example, the program enters 
a ONE into bit position 11 of channel 14. This results in an interrupt request signal 
which is applied to priority control. Further processing by priority control results 
in a command request to the sequence generator and an address command to the central 
processor. This same address (in this case 0054) enables the output drive logic and 
allows the drive pulses tobe gated out, The associated output counter register in memory 
is loaded by program and a pulse burst is sent to the CDU. Each time the counter 
is processed the number in the counter register is diminished by one such that the 
content of the counter approaches zero. When the number has reached zero, the 
channel bit position is reset and the pulse burst terminates. 


The outlink control logic is functionally illustrated in figure 4-161. Outlink consists 
of the downlink word to the spacecraft telemetry, and the crosslink word to the CMC, 
The word tobe transmitted downlink is loaded into channel 34 from the central processor, 
DLKRPT is initiated by the downlink rupt circuit. DKSTRT is converted to a clear pulse 
to clear the downlink counter, and also sets the read flip-flop. The bit sync pulses then 
step the counter and the outputs are decoded to strobe the bit positions of channel 
34, and produce a serial word output. The rate of transmission is monitored, and, if 
too fast, a bit is entered into bit position 12 of channel 33, Crosslink is the output 
word from the LGC to the CMC, Bit 1 of channel 14 enables the outlink control logic. 
An interrupt request signal is sent to priority control to initiate an interrupt sequence. 
The address of the crosslink counter enables the word from the central processor 
to be transmitted serially to the CMC, 


4-5,8 MEMORY, Memory consists of an erasable memory with a storage capacity of 
2048 words and a fixed core rope memory with a storage capacity of 36,864 words, 
Erasable memory is a random-access, destructive readout storage device. Data 
stored in erasable memory can be altered or updated, Fixed memory is a nondestructive 
storage device. Data stored in fixed memory is unalterable since the data is wired in. 
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address generator (RPTAD3, RPTAD4, RPTADS, RPTAD6, and RPTA12) in combina~ 
tion generate address 4004 from the write lines in the central processor. This is the 
address of the T6RUPT routine. 


When RUPTOR initiates the routine to interrupt the program presently being 
executed, the sequence generator causes suhinstruction RUPTO and RUPT1 to be exe- 
cuted. During subinstruction RUPTO, information on the program is temporarily 
stored in memory and the computer is readied to execute RUPT1. At time 3 of subin-~- 
struction RUPT1, the interrupt address is placed on the write lines by read signal 
RRPA. The computer then executes the interrupt routine. At time 9 of subinstruction 
RUPTi, reset signal KRPTA resets the T6RUPT input flip-flop coincident with partial 
address 04 (XTO0 XB4). Any lower priority interrupt request is then processed after 
the completion of T6RUPT. 


The remaining interrupts are processed in a manner identical to that of T6éRUPT 
except that the portion of the address used to reset the input flip-flop is the address 
associated with the particular interrupt involved. The address portion used can be 
determined from table 4-LXXIX (10 ~ T5RUPT, 14 - T3RUPT etc.). Interrupts 
KYRPT2 and MKRPT share the same input flip-flop (F F35334-35335) and consequently 
the same priority. Table 4-LXXX indicates the function of ail interrupt routines in 
both the LGC and CMC. 


Tahle 4-LXXX. LGC/CMC Interrupt Functions 


Causes execution of program section Reaction 
Control. 


Causes execution of program section Trans 
Vector Control when T5 counter overflows. 


Causes execution of routine T3RUPT of pro- 
gram section Waltlister - Task Control when 


T3 counter overflows. 


Causes execution of routine T4RUPT of pro- 
gram section T4RUPT - Output Control when 
T4 counter overflows. Enahles information to 
he sent to DSKY, ISS, and OSS. 


Causes execution of program section Keyboard 
and Display when data from DSKY is punched- 
in (main DSKY in CMC). 
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Table 4-LXXX. LGC/CMC Interrupt Functions 


Causes execution of associated program sec- 
tion when inputs occur from MARK button in 
LGC. (Program section Keyboard and Display 
is executed in CMC as a result of navigation 
keyboard inputs. } 


Causes execution of associated program sec- 
tion to process rate of descent inputs In LGC. 
(Program section MARK is executed in CMC 

to process optics data.) 


Causes execution of program section UPRUPT 
to process uplink data wben flag bit of uplink 
word is received. 


Causes execution of program section 
DOWNRUPT to load downlink channel 34 
with new word. 


RADARPT Causes execution of program section Radar 
(LGC only) to process data from rendezvous radar when 
flag bit is received. 


HNDRPT Causes execution of program section Hand 
Control wben attitude, translation, or im- 
pulse hand control inputs occur. 


(Sheet 2 of 2) 


4-5.6.6 Counter Instruction Control Detailed Description. Counter instruction control 
consists of 29 priority cells, each of which has an associated counter register in 
erasable memory. Table 4-LXXxXI lists the priority cells and associated counters, 
the location in erasable memory, the type of cell (input or output), and the instruc- 
tion(s) initiated by each cell as a result of input data. The listing in table 4-LXXXI 
also indicates the priority in which the counter registers are processed. The counter 
with the lowest address (0024) has the highest priority, and the counter with the highest 
address (0060) the lowest priority. Twenty of the priority cells accept either incre- 
mental or serial data inputs and are termed input cells. Of the remaining nine cells, 
eight are used in conjunction with output pulse trains to the gyros, CDU's, and the 
spacecraft. The ninth is used to form the serial outlink word. These cells are termed 
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Table 4-LXXXI. LGC/CMC Counter Cell/Register Assignments 


Octal Cell Register Type Instruction Initiated 
Address Name 


Rev. F 


T2(TIME2) 
T1(TIME1) 
T3(TIME3) 
T4(TIME4) 
T5(TIMES) 


T6(TIMES) 


CDUX 
CDUY 
CDUZ 
TRN 

SHFT 


PIPAX 
PIPAY 
PIPAZ 
BMAG X (RHC) 


BMAG Y (RHC) 
BMAG Z (RHC) 


INLINK 
RNRAD (LGC Only) 


GYROD 
CDUXD 
CDUYD 
CDUZD 
TRUND 
SHAFTD 
THRSTD 
EMSD 


OTLNK 


ALT (LGC Only) 


Input 
Input 
Input 
Input 
Input 


Input 


Input 
Input 
Input 
Input 
Input 


Input 
Input 
Input 
Input 
Input 
Input 


Input 
Input 


Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 


Output 


Output 


SHINC, SHANC 
SHINC, SHANC 


DINC 
DINC 
DINC 
DINC 
DINC 
DINC 
DINC 
DINC 


SHINC 


SHINC 


+ Increment 
Add One 


Diminish by One 


+ or - CDU Add 
One, Subtract 
One (TWO's 
Complement) 


+ or - Increment 
Add One, Sub- 
tract One 
(ONE's 
Complement) 


Shift (ZERO in) 
OR Shift & Add 
One (ONE in) 


Diminish by One 


Shift (Serial 
Output) 
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output cells. The priority cells are further differentiated by the type of instruction or 
command generated to update the counter. The time counter registers, Tl through Ts, 
are incremented only. Consequently, the cells associated with these counter registers 
initiate a PINC (plus increment) instruction only. Time counter register T6 is preset 
by program. The cell associated with this register initiates instruction DINC (decre- 
ment) to diminish the contents of the counter toward zero. The counter cells for the 
CDU's of the ISS and OSS initiate instructions PCDU or MCDU dependent on the input. 
In a similar manner, the counter cells for the PIPA's and BMAG's initiate either a 
plus increment (PINC) or minus increment (MINC) instruction. The inlink and radar 
words are serial inputs. Consequently, shift instructions SHINC or SHANC are initi- 
ated by the associated counter cell depending on whether a ZERO or ONE bit 
is received. 


All of the output cells, with the exception of outlink control (OTLNK) and altitude 
meter control (ALT), initiate instruction DINC. The associated counter registers are 
preset by program, and the contents diminished toward zero when the cells receive 
input requests. The outlink and altitude meter control output cells initiate instruction 
SHINC only. These are serial outputs and instruction SHINC causes the word to be 
shifted out serially. 


The input counter priority cells (figure 4-164) store incoming requests for updat- 
ing the counter registers until the requests can be processed. The requests are stored 
in an input flip-flop. At time 10 of a particular memory cycle, a transfer pulse occurs 
(BKTF), the request is transferred to a secondary flip-flop which generates an address 
request signal, and an inhibit signal is applied to all lower priority counter cells. For 
example, input pulse T2P sets FF31129-31130 of cell 24. At time 10, transfer signal 
BKTF occurs and causes FF31132-31133 to set. The set output is applied to the output 
gates of cells 25 and 26 and inhibits the outputs from these cells. The set output of 
FF31132-31133 is also applied through gate 31150 to generate inhibit signal CG21, 
which is applied to the output gates of cells 27, 30, and 31. Inhibit signal CG22 is 
generated from gate 31252 by signal CG21 and inhibits outputs from cells $2 and 33. 
The inhibit action continues down through all lower priority cells (CG11, CG12 etc.) 
to the altitude cell (0060). At this point, the inhibit signal generates CTROR, which 
is applied to the sequence generator indicating a counter increment request. 


The reset output of FF31332-31333 is used to generate address and command 
request signal C24A. This is applied simultaneously to the counter address generator 
to produce address 0024 and to the counter instruction logic in sequence generator to 
initiate instruction PINC. Instruction PINC increments by one the content of the T2 
counter register in erasable memory. 


Both the input flip-flop (FF31129-31130) and the secondary flip-flop (FF31132- 
31133) are reset by the generated address (inputs CA2 and CXB4 to gate 31135) coinci- 
dent with reset signal RSSB. The latter signal is generated at time 7 as a function of 
counter increment request signal INKL from the sequence generator. 
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Cells 25, 26, 27 and 30, 31 are identical in operation to cell 24. One difference 
exists in cell 31; instruction DINC is executed instead of instruction PINC. This 
counter register is preloaded by program. The content of the counter is diminished 
by One each time request signal T6P occurs. 


Cells 32 through 36 (PCDU and MCDU) and 37, 40 through 44 (PINC and MINC} 
contain two input flip-flops to accommodate incremental pulses representing a positive 
or negative input. The processing of these inputs in priority control is different in 
that two separate signals are generated to produce the counter instructions. The in~ 
structlons initiated update the counter registers in TWO's complement notatlon in the 
case of the CDU inputs, or in ONE'’s complement in the case of the PIPA and BMAG 
inputs. The correct notation is accomplished in the central processor as a result of 
the instructions initiated by the inputs to these cells. 


As an example of the operation of these cells, consider cell 35 (TRN}. An incre- 
mental input ,TRNP or TRNM sets a respective input flip-flop (FF31215-31216 or 
FF31224-31225). The set outputs of both flip-flops are OR'ed and gated witb transfer 
signal BKTF to set the secondary flip~flop (FF31219-31220). This set output of this 
flip-flop generates priority signal CG12 to inhibit all lower priority cells. The reset 
output generates address request signal C35A, which is applied to the counter address 
generator only. One of two counter instructions is initiated by the cell. The address 
request signal does not initiate the instruction, as cell 24 request signal does. With a 
positive incremental input, signal C35P from the input flip-flop initiates instruction 
PCDU; with a negative incremental input, signal C35M initiates instruction MCDU. 
These two instructions are analogous to instructions PINC and MINC for the PIPA and 
BMAG (RHC) inputs except tbat TWO's complement notation is employed in the central 
processor as described. The timing relationship between the transfer and reset sig- 
nals is identical to that described for cells 24 through 31. 


Input celis 45 and 46, the inlink and rendezvous radar counters respectively, re- 
ceive serial input data. The rendezvous radar celi and counter register is active in 
the LGC only. The serial inputs are converted to a parallel word by Instruction SHINC 
for a ZERO in, and SHANC for a ONE in. The celis operate as cell 35, described above, 
operates. There are two input flip-flops in each cell for receiving one of two possible 
inputs. The input flip-flop outputs initiate instruction SHINC or SHANC, and a sec~ 
ondary flip-flop is used to generate the address. In the central processor, instruction 
SHINC shifts a ZERO into the parallel word being formed; instruction SHANC shifts 
and adds a ONE to the word being formed. When the complete word is formed, the 
flag bit initiates a program interrupt routine (UPRUPT or RADRPT). 


Output cells 47, 50 through 57, and 60 operate in conjunction with output counter 
registers in erasable memory. Cells 47, and 50 througb 56 are used in conjunction 
with functional areas of the input/output section providing drive pulses to the gyros, 
CDU's and the spacecraft (see table 4-LXXXI). These cells are identical in operation 
to cell 24 described above except that instruction DINC is Initiated. The counter 
registers are preloaded by program. Each time an incremental request occurs (such 
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as GYROD, CDUXD etc.) instruction DINC diminishes the counter content toward zero. 
Drive pulses are transmitted to the associated unit until the counter reaches zero, at 
which time the drive pulses cease. 


The outlink and altitude meter control cells (57 and 60) initiate instruction SHINC 
to shift the associated word contained in the counter register in memory out in serial 
fashion. For example, the outlink logic supplies incremental input OTLNKM. This 
input is generated as a function ofaONE entered into channel 14, bit 1 (outlink activity). 
The cell generates request signal C57A, which places address 0057 onto the write 
lines from the address generator, and initiates instruction SHINC in the sequence 
generator. Instruction SHINC causes one bit of the word to be shifted out through the 
outlink logic in the input-output section. The manipulation is accomplished in the 
central processor. The word from the outlink counter register in memory is de- 
posited into register Y in the central processor. Instruction SHINC essentially shifts 
the word left so that one bit is shifted into the overflow bit position on each shift re- 
quest. Overflow is sensed for by the branch control logic in the sequence generator, 
and the appropriate bit is shifted out through the outlink logic. The shift manipulation 
for the altitude meter control word is identical to that for the outlink word. 


4-5.6.6.1 Counter Address Generator. The counter address generator, figure 4-165, 
supplies the appropriate address for the counter priority cells to the write lines in the 
central processor. The address is represented by a combination of outputs CAD6 
through CAD1 (low order to high order). These outputs connect the six low order 
write lines (6 through 1, see table 4-LXXX) to generate the proper counter addresses. 


To generate an address, the generator outputs are logic ONE's in response to an 
address request signal. For example, address request signal C42A from the BMAGX 
cell generates address 0042 as follows: 


As indicated, the proper output signals (CAD6 and CAD2) become logic ONE's in re-~- 
sponse to address request signal C42A. The remaining counter register addresses 
can be ascertained in this manner, 
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Figure 4-165. Counter Address Generator 
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The counter address is placed on the write lines by read Signal RSCT at time 1 of 
the memory cycle time immediately following that cycle in which the request to incre- 
ment is processed by the sequence generator. This is accomplished as follows. 


An input to the input flip-flop of the counter priority cells is transferred to the 
secondary flip-flop at time 7 by transfer signal BKTF. Simultaneously, signal CTROR 
is generated, and is used to produce increment signal INKL in the sequence generator. 
At time 12, following the completion of an instruction (counter increments are not 
executed between subinstructions), the sequence generator allows the counter incre~ 
ment to occur. At time 1 in the next memory cycie, read signal RSCT is generated 
as a function of increment signal INKL, and places the appropriate counter address on 
the write lines. 


The outputs from gates 32064 (30 SUM) and 32050 {50 SUM) are essentially OR 
Signals for any of counter cells 0030-0037 and 0050-0057, respectively. The OR sig- 
nals generate the three high order bits of the address for the counters at these lo- 
cations. 


4-5.6.6.2 Counter Alarm Detector. The counter alarm detector, figure 4-166, sup- 
plies an alarm signal to the failure detection circuits in the power supply if counter 
increments occur too frequently (continuous counter incrementing) or if a counter 
increment fails to occur following an increment request. 


Excessive counter incrementing is sensed by FF41149-41150. This flip-flop is 
reset by timing pulse FO7A. The set output conditions one leg of gate 41151. This 
gate is strobed by timing pulse F07B. If FF41149-41150 sets prior to F07B, no alarm 
indication is generated. The set conditions are the T03 timing pulse coincident with 
no counter increment activity, indicated by signals INKL and CTROR remaining at a 
logic ZERO level. If a counter increment request occurs within the test period, one 
or both of signals INKL or CTROR are a logic ONE. The flip-flop does not set and an 
alarm indication occurs. 


Any request to increment is OR'ed through extended NOR gate 41134 and sets 
FF41138-41139. This conditions one leg of gate 41140. This flip-flop is reset (thus 
inhibiting gate 41140) by counter increment signal INKL. Therefore, if a counter 
increment request occurs (TIP, T2P etc.), and is not processed, signal INKL is not 
generated. Flip-flop 41141-41142 is set at time 9 and causes an alarm indication. 
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Figure 4-166. Counter Alarm Detector 
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4-5.7 INPUT-OUTPUT. The input-output section consists basically of the interface 
circuits and the input and output channels which transfer information between the 
computer and the other spacecraft subsystems. The interface differences in input/ 
output between the LGC and the CMC are described in the following paragraphs. 


4~5.7.1 Input-Output Functional Description. The interface circuits accept all inputs 
to and Toute all outputs from the computer. These circuits provide the necessary 
voltage levels or electrical isolation of the input and output signals. Incremental 
inputs as well as serial pulse inputs are applied to input transformer circuits. All 
discrete inputs such as the keycode from the DSKY are applied to resistive~capacitive 
networks. Serial puise outputs and incremental output drive pulses such as those to 
the gyros and CDU's are applied to output transformer circuits. Timing and syn- 
chronization pulse trains to other spacecraft systems are also applied to output trans- 
former circuits. Discrete outputs are applied to output transistor driver circuits. 
Power outputs (+28 COM, +4, and +14 volts) are supplied to isolation resistors located 
in the interface circuits. Most of the input signals to the computer are applied to the 
input channels; most of the output signals come from the output channel network. The 
remaining inputs and outputs are applied to or come from other functional areas within 
the computer. 


There are six input channels and eight output channels which interface with other 
spacecraft systems and the DSKY. These channels are illustrated in figure 4-167 for 
the LGC, and figure 4-168 for the CMC, A ninth output channel (7) functions internally 
in the computer to access fixed memory. The channels are accessed by an address 
which is the same as the channel number (channel 30 - address 0030). Input channels 15 
and 16 are flip-flop registers similar to the flip-flop registers of the central proces- 
sor. Channels 30 through 33 each consist of an input gating complex to which discrete 
inputs are applied. The channels are interrogated under program control by a set 
of channel instructions. An address, supplied by program, is applied to the service 
gates of an associated channel and the data in that channel is’ read-out to the central 
processor. The numbers used to address both the input and output channels coincide 
with some of the numbers used as memory addresses. However, the addresses used 
for the input and output channels are supplied by the IN/OUT instruction group and are 
always channel addresses. The addresses in other instructions are always memory 
addresses. This coincidence of addresses can be used to access two registers in the 
central processor. Register L is accessible both at memory address 0001 and channel 
address 01; register Q is accessible at memory address 0002 and channel address 02. 
There is no write process involved with the input channels as is the case with the flip- 
flop registers of the central processor, however. Inputs are entered directly into the 
bit positions of the channels. The number of bits in parentheses in eacb channel 
block in figure 4~167 indicates the number of active bit positions. All channels have a 
capacity of 15 bits. 


Only discrete inputs enter the input channels ofboth computers. These inputs are 


classified as interrupting and non-interrupting. The keyboard and mark inputs en- 
tered into channels 15 and 16 are the only two interrupting discrete type inputs. 
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For example, a keycode from the DSKY entered into channel 15 interrupts the program 
being executed and forces the computer to interrogate that particular channel. This is 
accomplished by an interrupt signal (KEYRUPT 1, KEYRUPT 2, or MKRPT) which is 
generated as the inputs are entered into channel 15 0or16. The inputs entered into 
the remaining channels from the various other spacecraft systems are non-interrupt- 
ing. The channels are interrogated by program, as described previously, and the 
information is read-out to the central processor. 


Incremental inputs representing velocity are applied directly from the interface 
circuits to the PIPA precount logic section. From this logic section, incremental 
pulses are applied to priority control to initiate a counter interrupt routine and update 
an associated counter in memory. In a similar manner, the incremental inputs 
representing the gimbal position of the ISS andOSS CDU's are applied directly to prior- 
ity control and also initiate a counter interrupt routine. 


In the LGC, channel 13 (figure 4-169) controls the serial inlink input to the com- 
puter, the downlink transmission, the RHC inputs (rotation hand controller), the 
rendezvous and landing radar inputs, and internal functions of the LGC. 


In the CMC, channel 13 controls the seriai inlink inputs, the downlink transmis- 
sion, the BMAG inputs (body mounted attitude gyros) and internal functions of the CMC. 


Information is entered into the respective bit positions of channel 13 from the cen- 
tral processor. Bits 1 through 4 in the LGC control outputs to the radar. These bit 
positions are not used inthe CMC, Inlink consists of the uplink word from the space- 
crait telemetry and the crosslink word from the other computer (LGC to CMC and 
CMC to LGC), 


Normally, the uplink data is entered into the input circuits and subsequently to 
priority control to initiate a counter interrupt. A ONE entered into bit position 5 of 
channel 13 from the central processor inhibits uplink and enables the crosslink input 
between computers, Uplink information can also be inhibited by the BLOCK UPLINK 
signal from the PGNCS. Bit 6 of channel 13 inhibits any inlink (uplink or crosslink) 
information from entering the computer, Bit 7 controls the word order gate in the 
downlink logic, which is discussed under the output channel logic. The RHC inputs to 
the LGC and the BMAG inputs to the CMC are applied to priority control as a function 
of bit 8. A ONE entered into this bit position of channel 13 allows these incremental 
inputs to initiate a counter interrupt sequence in priority control and to update an as- 
sociated counter in memory. Bits 10, 11, and 15/16 of channel 13 are control bits for 
internal functions of both computers. Bit 10 (alarms test) lights the RESTART and 
STBY lamps on the DSKY. Bit 11 enables the computer to enter the standby mode. 
Bit 15/16 enables the T6 interrupt routine. The manual inputs entered into channels 
31 (attitude and translational) and 32 (impulse) initiate an interrupt sequence under 
program control through bits 12, 13, and 14 of channel 13. The manual discrete inputs 
are applied to the handrupt control logic. The program enters the proper data into 
positions 12, 13, and/or 14 and an interrupt sequence (HNDRPT) is initiated. 
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The output channels (figure 4-168) are all flip-flop registers with write and read 
service, Data is written into the output channels from the central processor coincident 
with an address supplied by program into the service gates. Output channels 5, 6, 
10, 11, and 12 supply output discretes to other systems as indicated on figure 4-168. 


Channel 14 controls the transmission of incremental drive pulses to the gyros, and 
CDU's in both the LGC/CMC, and, in addition, controls the altitude meter and thruster 
outputs inthe LGC. An output is enabled by placing a ONE in the proper bit position of 
channel 14, This is accomplished by program. For example, the program enters a 
ONE into bit position 11 of channel 14. This results in an interrupt request signal 
which is applied to priority control. Further processing by priority control results in 
a command request to the sequence generator and an address command to the central 
processor. This same address (in this case 0054) enables the output drive logic and 
allows the drive pulses to be gated out. The associated output counter register in 
memory is loaded by program and a pulse burst to the CDU (shaft) occurs. Each 
time the counter is processed the number in the counter register is diminished by one 
so the content of the counter approaches zero. When the number has reached zero, 
the channel bit position is reset and the pulse burst terminates. 


The outlink control logic is functionally illustrated in figure 4-170. Outlink con- 
sists of the downlink word to the spacecraft telemetry from the LGC/CMC, and the 
crosslink word between the LGC/CMC. The word to be transmitted downlink is loaded 
into channels 34 and 35 from the central processor. An interrupt sequence (DLKRPT) 
is initiated by the downlink rupt circuit. The downlink start signal (DKSTRT) is 
converted to a clear pulse to clear the downlink counter and also sets the read flip- 
flop. The bit syne pulses then step the counter. The outputs of the counter are 
decoded to strobe the bit positions of channels 34 and 35 and to produce a serlal word 
output. The rate of transmission is monitored, and, if too fast, a bit is entered into 
bit position 12 of channel 33, Crosslink is the output word from the LGC to the CMC or 
vice-versa. Bit 1 of channel 14 enables the outlink control logic. An interrupt re- 
quest signal is sent to priority control to initiate an interrupt sequence. The address 
of the crosslink counter enables the word entered from the central processor to be 
transmitted serially to the CMC or vice-versa. 


4-5.7.2 Input-Output Service. Information is transferred into and out of the various 
input-oufput channels under the control of write, clear, and read signals generated by 
associated service gates (figure 4-171). Inputs to the service gates consist of write 
and read_control pulses (WCH and RCH) from the sequence generator and timing 
signals (WT, CT, and RT) fromthe timer. The outputs of the write and clear service 
gates (WCHG and CCHG) are supplied to the output channels to generate individual 
output channel write and clear signals. The output of the read service gate (RCHG) 
causes information from the various input-output channels to be placed on the write 
lines at read time, 
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Data is supplied to the output channels from the write lines in the form of signals 
CHWLO01-CHWL14 and CHWL16. The data is entered into a particular channel when 
that channel is addressed. All input-output data is ORed and is placed cn the write 
lines and made available to the central processor as Signals CH01-CHi6 (figure 
4-172.) 


4-5.7.3 Input Channels 15 and 16. Input channels 15 and 16 (figure 4-173) receive 
discrete signais from the DSKY, Optical Subsystem (OSS), and spacecraft. Reception 
of these signals results in the generation of interrupt signals which are supplied to 
the priority control to interrupt the current computer operation and allow the inputs 
to be accepted and processed. Channel 15 in the LGC receives the five-bit keycode 
from the DSKY (MKEY1-MKEY5) whenever any key on the DSKY, except the STANDBY 
key, is depressed. In a similar manner, channel 16 receives discrete inputs from the 
OSS whenever any of the MARK pushbuttons are depressed or from the spacecraft 
whenever a manual command is generated to increase or decrease the LEM rate of 
descent. Since the logic associated with channels 15 and 16 is similar, only channel 
15 and the differences between channels 15 and 16 are described in detail, Channel 15 
in the CMC receives the five-bit keycode from the main DSKY. Channel 16 receives 
the five-bit keycode from the navigation DSKY and inputs from the CSS whenever any of 
the MARK buttons are depressed. 


Initially, the channel 15 input flip-flops are reset and FF 45135-45136 is set. 
When a keycode is received, the MKEY1-MKEY5 Signals that are logic ONE's set an 
associated input flip-flop. The flip-flop outputs are ORed through gates 45125 and 45126, 
and are used to set FF 45129-45130 subject to timing signal FOSA. Interrupt signal 
KYRPT1 is generated during T5 or T11 time subject to signal F09B as a result of 
setting the flip-flop. Signal KYRPT1 resets FF 45135-45136 to prevent the processing 
of additional keycodes until the current keycode has been processed. Signal KYRPT1 
is also supplied to the priority control to interrupt computer operation and to cause the 
execution of interrupt routine KEYRUPT1. Routine KEYRUPT1 interrogates channel 
15 by generating memory selection signals XT1 and XB5 (address 0015). This action 
causes the generation of read signal RCH15 which places the keycode on the write 
lines, thus supplying the keyed in data to the central processor. 


When the pressed DSKY key is released, signal MAINRS resets the input flip-flop 
and sets FF 45135-45136. Thus channel 15 is cleared and made ready to accept the 
next keycode input. 


Channel 16 has a capacity of seven bits. However, only five are used in the LGC. 
The three discrete inputs MARK X, MARK Y, and REJ MRK cause routine KYRPT2 to 
be executed. The remaining two discrete inputs, PDESCT and MDESCT, cause routine 
MKRPT to be executed. This arrangement in channel 16 in the LGC differs from the 
CMC since there is only one DSKY in the LEM, Routine KYRPT2 is executed in the 
CMC as a function of the navigation DSKY keyboard inputs. Routine MKRPT is executed 
as a function of the Mark inputs MARK and MARKREJ. When the priority control 
receives either of these interrupt signals (KYRPT or MKRPT), computer operation is 
interrupted and interrupt routine KEYRUPT2 is executed which interrogates channel 16 
and enables the data in the channel to be forwarded to the central processor, 
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Figure 4-173. Input Channels 15 and 16 
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In the LGC, channel 16 is conditioned to accept new data when the input discretes 
are removed and signal MRKRST is received from the OSS or signal DESRST is re- 
ceived from the spacecraft. Channel 16 in the CMC is conditioned to accept new data 
when signal NAVRST from the navigation DSKY or MRKRST from the OSS is received. 


4-5.7.4 Input Channels 30 through 33. Channels 30 through 33 (figure 4-174) consist 
of a series of gates which receive discrete inputs from the spacecraft and various sub- 
systems of the PGNCS. Data is supplied directly tothe gates and is placed on the write 
lines subject to read signals RCH30, RCH31, RCH32, and RCH33 whenever the indiv- 
idual channels are addressed. Each channel has a 15-bit capability; however, not all 
bit positions are used. Tables 4-LXXXII through 4-LXXXV listthe various bit positions, 
the signal received by each and the description of the signals in the LGC. Tables 
4-LXXXVI through 4-LXXXIX list the same information for the CMC. 


4-5.7.5 PIPA Precount Logic. The PIPA precount logic (figure 4-175) consists of 


three forward-backward counters and a failure detection circuit. 


When the PIPA's are experiencing no acceleration, each acceleration loop in the 
iSS continuously generates a series of three positive pulses followed by three negative 
pulses. The PIPA precount logic counters receive these pulses from the X, Y, and Z 
acceleration loops as signals PIPAX+ or PIPAX-, PIPAY+ or PIPAY-, and PIPAZ+ 
or PIPAZ-. The pulses are forwarded tothe counters subject to timing signal PIPSAM, 
a 1 psec pulse at 30 pps. Each counter counts forward three and then backward three 
without generating an output. Only when a counter receives more than three positive 
or negative pulses in a sequence does it generate an output. The output is dependent 
on the input. A plus output pulse (PIPXP, PIPYP, or PIPZP) is generated if the plus 
input pulses exceed three; a minus output pulse (PIPXM, PIPYM, or PIPZM) is gen- 
erated if the minus input pulses exceed three. Using the counter for the Z axis PIPA 
as an example, table 4~XC illustrates the operation of the forward-backward counters. 
The left side of the table indicates the initial state of signals B and D and the input 
signal applied to the counter. The right side of the table indicates the state of signals 
B and D as a result of the input signal and it also indicates the presence or absence of 
an output signal. 


The PIPA failure detection circuit generates signal PIPAFL if PIPA pulses are 
not received often enough, or if the time between the reception of a plus or minus PIPA 
pulse from one PIPA is too long, or if a plus and a minus PIPA pulse is received 
simultaneously from the same PIPA. Timing signal F5AS5B2 causes the generation 
of signals MISSX, MISSY, and MISSZ every 312.5 psec. Ifno inputs are received from 
the PIPA's prior to the reception of timing signal FS5ASBO, FF 48107-48108 is set and 
signal PIPAFL is generated. Similarly, timing signal F18AX causes the generation of 
signals NO-P and NO-M every 2.6 seconds. If both a plus and a minus input is not 
received from each PIPA prior to the reception of timing signal F18B, signal PIPAFL 
is generated. The remaining failure condition occurs if plus and minus PIPA inputs 
are received simultaneously. When this condition exists, signal BOTHX, BOTHY, or 
BOTHZ is generated which causes signai PIPAFL to be generated. 
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Figure 4~174. Input Channels 30, 31, 
32, and 33 
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Tahle 4-LXXXII. Input Channel 30 - LGC 


STGVER 
{stage verify) 


ENGARM 
(engine armed) 


STGAB 
(abort stage} 


LFTOFF 
(lift off) 


DSPID 
(display inertial data) 


Indicates an ahort using the descent engine bas been 
manually initiated. The signal is generated by press- 
ing tbe ABORT pushbutton on the PGNCS display and 
control panel. 


Indicates staging has successfully been completed. 
The signal is originated within the spacecraft hy 
explosive devices which accomplish separation. 


Indicates that either the ascent or descent engine 


has heen armed. The signal is initiated in the space- 
craft at the PGNCS display and control panel. 


Indicates an ahort using the ascent engine has been 
manually initiated. Tbe signal is generated hy 
pressing the ABORT STAGE pushbutton on the 
PGNCS display and control panel. 


Spare 
Requests the LGC to supply forward and lateral 


velocity for display on the PGNCS Display and 
Control Panel. 
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Table 4-LXXXII. Input Channel 30 - LGC 


Indicates a failure in one of the radar CDU's. 


RRCDFL 
{rendezvous radar CDU 
fail) 


IN3008 


Spare 


IMUOPR 
(IMU operate) 


Indicates the IMU is turned on and operating 
normally. 


JETSL4 
(four jet select) 


Requests the LGC to use four reaction control jets 
while maneuvering the LEM. 


IMUCAG 
(IMU cage) 


Indicates that the IMU is in the cage mode. 


CDUFAL Indicates a failure in one of the inertial CDU's. 


(MU CDU fail) 


IMUFAL 
(IMU fail) 


Indicates a failure in the IMU stabilization loops. 


ISSTOR 
(SS turn on request) 


Indicates the ISS bas been energized or has been com- 
manded to be energized. 


TEMPIN 
{temperature in limits) 


A logic ONE indicates the stable member temperature 
bas not exceeded its design limits. A logic ZERO 
indicates the limits have been exceeded. 
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Table 4-LXXXII. Input Channel 31 - LGC 


ACNTOD 
(attitude controller out 
of detent) 


{X, Y, X translation 
commands) 


AUTTHR 
{auto throttle) 


Description 


Spare 


Spare 


Indicates the attitude controller is not inthe neutral 
position and requests the LGC to issue attitude change 
commands to the reaction control system (RCS). 


Spare 

Spare 

Spare 

Indicates translation controller commands about the 
X, Y, and Z axes which request the LGC to issue 


translation change commands to the RCS in accord- 
ance with the controller motion (bits 7 through 12). 


Indicates the descent engine is in the automatic 
throttling mode under LGC control. 
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Table 4-LXXXHI. Input Channel 31 - LGC 


Indicates the automatic stabilization mode has been 
selected. 


AUSTAB 
(auto stabilization) 


GNCLSC 
(G/N control of S/C) 


Indicates the PGNCS mode has been selected to control 
the spacecraft. 
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Table 4-LXXXIV. Input Channel 32 - LGC 


TRST2 

{thruster 2 & 4 fail) 
TRST5 

{thruster 5 & 8 fail) 
TRST1 

(thruster 1 & 3 fail) 
TRST6 

{thruster 6 & 7 fail) 
TRST14 

{thruster 14 & 16 fail) 
TRST13 

{thruster 13 & 15 fail) 
TRST9 

(thruster 9 & 12 fai!) 
TRST10 

(thruster 10 & 11 fail) 


PCHGOF 
{pitch gimbal off) 


ROLGOF 
(roll gimbal off) 


ATTHMD 
{attitude hold mode} 


Indicates thruster pair failure which causes LGC to 
cease commanding these jets and to compensate for 
their loss (bits 1 through 8). 


Indicates the descent engine pitch gimbal is off null. 


Indicates the descent engine roll gimbal is off null. 


Indicates the attitude hold mode has been Selected. 
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fn Table 4-LXXXIV. Input Channel 32 - LGC =< 
fe =o 
ie] = ‘ 
— 
i] 
IN3212 Spare mi 
1N3213 Spare 
IN3214 Proceed - using PRO pushbutton on DSKY, 
astronaut can allow program to proceed without 
data in lieu of entering VERB 33. 
IN3216 Spare 
= 
= 
—o 
mo 
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® Table 4-LXXXV. Input Channel 33 - LGC = 
; = 
rs = 
Bit Signal Description I 
a 
= 
1 IN3301 Spare = 
= 
2 RRPONA Indicates the rendezvous radar (RR) power is on and ™_ 
(RR power on/auto) the radar is operating in the automatic mode. = 
RRRLSC Indicates the rendezvous radar scale factor is on low = 
(RR range low scale) scale. The signal is generated automatically hy the o 
radar at a range of approximately 50 nautical miles. = 
= 
RRDAGD Indicates the RR and LR range trackers have locked = 
(RR data good) on (bits 4 and 5). Ss 
LRRDG = 
(LR range data good) o 
= 
wa 
LRPOS1 Indicates the position of tbe landing radar antenna on 
LRPOS2 (bits 6 and 7). = 
(LR position 1 and 2) 
LVDAG Indicates the LR velocity trackers have locked on. 
(landing velocity data 
good) 
LRRLSC Indicates the landing radar scale factor is on low 
(LR range low scale) scale. The signal is generated automatically by 
the radar at a range of approximately 2,500 feet. = 
nd 
= 
3 
oN = -— 
& = 
oo (Sheet 1 of 2) =A 
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Table 4-LXXXV. Input Channel 33 - LGC 


BLKUPL 
(block uplink) 


Logic ONE 


Logic ONE 


PIPAFL 
(PIPA fail) 


AGCWAR 
{AGC warning) 


OSCALM 
(oscillator alarm) 


Indicates the reception of uplink data has been 
inhihited. 


Indicates the uplink telemetry rate is too fast. 
This bit position is used in conjunction with the 
uplink and crosslink input circuits in output 
channel 13. 


Indicates the downlink telemetry rate is too fast. 
This hit position is used in conjunction with the down- 
link converter. 


Indicates a PIPA failure. The failure is detected hy 
the PIPA precount logic. 


Indicates one of the following internal computer 
conditions: 


- computer restart 

. counter failure 

. voltage failure 
alarm test 
scaler alarm 


Indicates the oscillator in the timer has failed. 
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Table 4-LXXXVI. Input Channel 30 - CMC 


ULL THR 
(ullage thrust) 


SMSEPR 
{service module 
separation) 


SPSRDY 
(service propulsion 
system ready) 


S4BSAB 
(SIVB separation) 


LFTOFF 
(lift off) 


GUIREL 
(guidance reference 
release) 


OPCDFL 
(optics CDU fail) 


IN 3008 


IMUOPR 
(IMU operate) 


(Indicates the SIVB is performing a ullage maneuver 
or that the SIVB tanks are being vented. 


Indicates the service module has separated from the 
command module. 


Indicates the SPS engine start checklist has been 
completed and the SPS is ready for thrusting. The 
signal is initiated in the spacecraft at the PGNCS 
display and contro] panel. 


Indicates the SIVB has separated from the service 
module. 


Spare 


Indicates that gyro-compassing can he discontinued 
and the stable member can he inertially referenced. 


Indicates a failure has occurred in one of the optics 
CDU's. 
Spare 


Indicates the IMU is turned on and operating normally. 
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Tahle 4~LXXXVI. Input Channel 30 - CMC 


Description 


Indicates a request for the CMC to control the Saturn 
instrumentation unit. The signal is generated hy a 
switch setting on the PGNCS display and controi panel. 


CTLSAT 
(Saturn control) 


IMUCAG 
(MU cage) 


CDUFAL 
(MU CDU fail) 


Indicates that the IMU is in the cage mode. 


Indicates a failure has occurred in one of the inertial 
CDU's. 


IMUFAL 
(MU fail) 


Indicates a failure bas occurred in the IMU stabiliza- 
tion loops. 


ISSTOR 
(SS turn on request) 


Indicates tbe ISS bas been energized or has heen com- 
manded to he energized. 


TEMPIN 
(temperature in limits) 


A logic one indicates the stable memher temperature 
has not exceeded its design limits. A logic zero in- 
dicates the limits have been exceeded. 
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Table 4-LXXXVII. Input Channel 31 - CMC 


MANR+P 

MANR-P 

MANR+Y 

MANR-Y 

MANR+R 

MANR-R 

(manual pitch, yaw, 
and roll rotational 
commands) 


TRAN+X 

TRAN-X 

TRAN+Y 

TRAN-Y 

TRAN+Z 

TRAN-Z 

(X, Y, Z translation 
commands) 


HOLFUN 
(hold function) 


FREFUN 
(free function) 


GCAPCL 
(guidance control, 
auto pilot control) 


Indicates rotational controller commands for pitch, 
yaw, and roll which request the CMC to issue 
rotational change commands to the RCS in accordance 
with the controller motion. 


Indicates translation controller commands about the 
X, ¥, and Z axes which request the CMC to issue 
translation change commands to the RCS in accord- 
ance with the controller motion. 


Indicates the CMC is set in an attitude hold mode in 
which the computer maintains the attitude selected 
by the rotational hand controller. 


Indicates the CMC has no control over the attitude of 
the spacecraft. 


Indicates the PGNCS mode has been selected. 
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Table 4-LXXXVIII. Input Channel 32 - CMC 


MNIM+P 

MNIM-P 

MNIM+Y 

MNIM-Y 

MNIM+R 

MNIM-R 

(minimum impulse 
pitch, yaw and roll) 


TRST9 
TRST10 


PCHGOF 
(pitch gimbal off) 


ROLGOF 
(roll gimbal off) 


LEMATT 
{LEM attached) 


IN3212 


IN3213 
IN3214 


IN3216 


Indicates minimum impulse commands for pitch, yaw, 
and roll which request the CMC to issue commands to 
position the spacecraft during navigation or IMU 
alignment sighting with the OSS. 


Spare 


Spare 


Spare 


Spare 


Indicates the LEM is attached to the CM. 


Spare 

Spare 

Proceed - using PRO pushbutton on DSKY, astronaut 
can allow program to proceed without data in lieu of 
entering VERB 33. 

Spare 
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Table 4-LXXXVIX. Input Channel 33 - CMC 


IN 3001 Spare 


Spare 


1 


RRPONA 
(RR power on/auto) 


RRRLSC 
{RR range low scale) 


Spare 


ZEROP 


Indicates a request for the zero optics has been made 
(zero optics) 


in which the CMC zeroes the optics angle counters, 


OPMSW2 
(optics mode switch 2) 


Indicates the optics mode switch is in position 2. 


OPMSW3 
(optics mode switch 3) 


Indicates the optics mode switch is in position 3. 


STRPRS 
(star present) 


Indicates the presence of a star in the tracker field 
of view. 


Spare 


LVDAG 
(landing velocity data 
good) 


LRRLSC 
(LR range low scale) 


Spare 


BLKUPL 


Indicates the reception of uplink data has been 
(block uplink) 


inhibited. 


(Sheet 1 of 2) 


WIISAS TOXING) ONY ‘NOHVOIAVN “JINVOIND AMVAIad 191 


ChOIZOL-GN 


TYANYW 


00S-F 


J "aay 


Table 4-LXXXVIX. Input Channel 33 - CMC 


SS 


PIPAFL 
(PIPA fail) 


AGCWAR 
(AGC warning) 


OSCALM 
(oscillator alarm) 


Indicates the uplink telemetry rate is too fast. This 
hit position is used in conjunction with the uplink and 
crosslink input circuits in output channel 13. 


Indicates the downlink telemetry rate is too fast. 
This bit position is used in conjunction with the down- 
link converter. 


Indicates a PIPA failure has heen detected hy the 
PIPA precount logic. This detection is an internal 
CMC function. 


Indicates one of the following internal computer con- 
ditions: 


- computer restart 
counter failure 
voltage failure 
alarm test 

- scaler alarm 


Indicates the oscillator in the timer has failed. This 
is an internal CMC function, 
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Figure 4-175. PIPA Precount Logic 
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Table 4-XC. Truth Table for Z Axis PIPA Counter 


Signal B Input Signal Signal B Signal D Output Signal 


PIPGZ+ 
PIPGZ+ 
PIPGZ+ 
PIPGZ+ 
PIPGZ~ 
PIPGZ- 
PIPGZ- 
PIPGZ- 


FrRooccorP, 
FOoOOCOrFPrKF Com 
i Bo 
FrPOoOCrFrFOCO 


4-5.7.6 Output Channels 05 and 06. Channels 05 and 06 inthe LGC (figure 4-176) 
control the reaction control system (RCS) to provide maneuvering commands for the 
spacecraft. Maneuver requests are received by the LGC through input channel 31 and 
are converted to maneuver commands by program action. The commands are written 
into channels 05 and 06 and forwarded to the RCS when the channels are addressed. 
Data is processed in these channels and all other output channels similarly to that of a 
register in the central processor, namely, clear, write, and read. In the event of a 
GOJAM condition, all data in channels 05 and 06 is cleared in preparation for a com- 
puter restart. Table 4-XCI contains a list of the RCS control signals supplied by 
channel 05 in the LGC. 


Channels 05 and 06 in the CMC control the RCS in the command module (see 
figure 4-176). The RCS can be operated in either the SM mode or the CM mode 
depending upon the switch setting on the display and control panel. With the SM mode 
selected, all 16 bits contained in the two channels (eight bits per channel) are used to 
control 16 thrusters in the SM. With th CM mode selected, only 12 bits are used to 
control the 12 thrusters onthe CM. Bits 5 through 8 of channel 06 are not used in the 
CM mode. The signals generated by channels 05 and 06 for the two modes are listed in 
table 4-XCI. 


4-5.7.7 Output Channels 10 and 11. The output signals from Channels 10 and 11 


(figures 4-177 and 4-178) activate relays in the DSKY which causes various numerical 
displays and status and caution indications. All 15 bit positions of channel 10 are used 
simultaneously to control a relay matrix inthe DSKY. Bit positions 12 through 15/16 
generate signals RYWD12 through RYWD14 and RYWD16 which select the proper row 
in the matrix to be activated. Bit positions 1 through 11 generate signals RLYBO1 
through RYLB11 which activate relays in the selected row. Thus, any relay in the 
matrix can be activated subject to the contents of channel 10. 


Seven bits from channel 11 (bits 1 through 7) are used to provide specific indica- 
tions to the DSKY. The data in these bit positions is identical for both the LGC and the 
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Table 4-KXCI. RCS Control Signals - LGC and CMC 


Channel Bit Position Output Signal 
LGC 


Output Signal - CMC 


RC+X+P +PCH/-X/+YAW 
RC-X-P -PCH/+Z 

RC-X+P +PCH/-X/-YAW 
RC+X-P -PCH/-Z 

RC+X+Y +Y¥AW/-X/+PCH 
RC-X-Y -YAW/-X/-PCH 
RC-X+Y +¥ AW/-X/-PCH 
RC+X-Y -Y AW/-X/+PCH 


-X/~-P/+R 
+X/+P/-R 
-X/+R/+P 
+X/-R/-P 
-X/+P/-R 
4+X/-P/+R 
-X/-R/-P 
4+X/+R/+P 


4+Z/+YAW 
-Z/-YAW 
-Z/+YAW 
+Z/-YAW 


+RLL/(+Y, 
-RLL/(-Y, 
+RLL/(+Y, 
-RLL/(-Y, 


+Z) 
-Z) 
-Z) 
+Z) 


+Y¥/+YAW 
-y/-YAW 
-y /+YAW 
+¥/-YAW 


Not used 
Not used 
Not used 
Not used 


CADAa PD = COA oP hw Pe 


CMC. Each bit position generates a signal which activates a relay in the DSKY and 
causes an indicator to light. In addition, bit positions 5, 6, and 7 receive signal FLASH 
from the timer which interrupts the generation of the relay activating signals they 
produce, thus causing the indicators they control to flash. Table 4-XCII lists all of the 
bit positions for channel 11, the signals generated, and the function of each signal for 
both the LGC and CMC. Signal OUTCOM which is generated by bit position 9 is used 
for test purposes. Signal W1110, which is generated by bit position 10, isused to inhibit 
the generation of signal RESTRT, thereby turning on indicator RESTART on the DSKY 
and turning off several caution indicators in the spacecraft. Note that bits 13 and 14 
are used in the LGC only. 


4-5.7.8 Output Channel 12. Channel 12 (figure 4-179) provides signals which control 
various spacecraft and PGNCS systems. The channel consists of 15 bit positions. 
Table 4-XCIII for the LGC and 4-XCIV for the CMC list the bit positions, the signals 
generated, and the function of each signal. 


4-5.7.9 Output Channel 13. Channel 13 produces signals which are used to perform 
various internal functions and which are common in both the LGC and the CMC. 
Additional logic circuits in the LGC control the rendezvous and landing radars and are 


not contained in the CMC. Common logic functions aredescribed in the same paragraph 
in the sections to follow. Specific logic circuits peculiar only to the LGC are described 
separately. 
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Figure 4-176. Output Channels 05 and 06 
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Figure 4-177. Output Channel 10 
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Figure 4-178. Output Channel 11 
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Figure 4-179. Output Channel 12 
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Table 4-XCII. Channel 11 Output Signals 


ISSWAR 
@SS warning) 


COMACT 


(computer activity) 


UPLACT 
(uplink activity) 


TMPOUT 
(temperature out) 


KYRLS 
(key release) 


VNFLSH 
(verb/noun flash) 


OPEROR 
(operator error) 


OUTCOM 


OT 1110 


OT 1113 (engine on} 


OT 1114 (engine off) 


Indicates an abnormal condition exists in the 
ISs, 


Indicates the computer is not in the standby 
mode and is processing some routine other 
than the dummy job. 


Indicates the computer is receiving uplink 
information. 


Indicates the stable member temperature 
bas exceeded its design limits. 


Indicates routine pinball, tbe keyboard and 
display routine, has attempted to use the 
DSKY to display information but found it 
busy. 

Causes the verb and noun indicators to flash 
which indicates additional information must 
be keyed in before the computer can per- 
form the requested operation. 


Indicates the operator performed some 
illegal operation using the keyboard. 


Spare 
Test 


Spare 


Spare 
Spare 


Indicates the ascent or descent engine is on. 


Indicates the ascent or descent engine is off. 
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Bit Position 


Table 4-XCIII. 
Output Signal 
ZOPCDU 


{zero optics CDU) 


ENERRR 


{energize rendezvous 


radar) 


HOVLOS 
(horizontal velocity 
low scale) 


COARSE 
{coarse align 
enable) 


ZIMCDU 
{zero IMU CDU's) 


ENERIM 
(enable IMU error 
counter) 


OT 1207 
DSPIND 


(display inserted 
data) 


PGTRM+ 
{plus pitch gimbal 
trim) 


PGTRM- 


{minus pitch gimbal 


trim) 


Channel 12 Output Signals - LGC 


Clears the optics CDU shaft and trunnion 
read counters and inhibits the transmission 
of error angle pulses to the LGC." 


Requests that the rendezvous radar be 


energized. 


Spare 


Indicates a request for the coarse align 
mode. 


Clears the IMU read counters and inhibits 
the transmission of gimbal angle error pulses 
to the LGC. 


Enables the IMU error counters and allows 
them to accept LGC drive pulses. 


Spare 


Requests the display-inertial-data mode for 
display of inertially-derived forward and 
lateral velocity on PGNCS Display and 
Control Panel. 


Commands plus and minus pitch and roll 
gimbal trim with bit positions 10, 11, and 
12. 


Same as bit position 9. 
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Bit Position 
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Table 4~XCIII. Channel 12 Output Signals - LGC 


PROLGT 
(plus roll gimbal 
trim) 


MROLGT 
(minus roll gimbal 
trim) 


LRPCOM 
(landing radar 
position command) 


RRELON 
(rendezvous radar 
enable lock-on) 


ISSTDC 
(SS turn on delay 
completed) 


Same as bit position 9. 


Same as bit position 9. 


Commands the positioning of the landing 
radar to one of two possible positions. 


Commands a radar lock-on if tbe automatic 
lock-on is not achieved. 


Indicates tbe gyro wheels bave had time to 
run up to speed. 
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Table 4-XCIV. Channel 12 Output Signals - CMC 


Output Signal 


ZOPCDU 
(zero optics CDU) 


ENEROP 


(enable optics error 


counter) 


STARON 
(star tracker on) 


Clears the opties CDU sbaft and trunnion 
read counters and inhibits tbe transmission 
of error angle pulses to tbe CMC. 


Enables the optics CDU sbaft and trunnion 
error counters to accept CMC drive 
pulses, 


Indicates a request for the optics star 
tracker mode. 
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Table 4-XCIV. Channel 12 Output Signals - CMC # 


COARSE Indicates a request for the coarse align 
{coarse align mode. 
enable) 


Clears the IMU read counters and inhibits 
the transmission of gimbal angle error 
pulses to the CMC. 


ZIMCDU 
(zero IMU CDU's) 


Enables the IMU error counters to accept 
CMC drive pulses. 


ENERIM 
(enable IMU error 
counter) 


OT 1207 Spare 


Indicates a request for the thrust vector 
control mode in which the CMC controls the 
SPS. 


TVCNAB 
(thrust vector 
control enable) 


Indicates the CMC has been selected to con- 
trol the SIVB guidance. 


S4BTAK 
(SIVB takeover) 


ZEROPT 
(zero optics) 


Indicates a request for the zero optics mode. 


Prevents the optics DAC's from processing 
error signals. 


DISDAC 
(disengage optics 
DAC) 


Spare 


S4BSEQ 
(SIVB start se- 
quence) 


Enables the SIVB start injection sequence. 


S4BOFF 
(SIV engine cutoff) 


Cuts off the SIVB engines, 


ISSTDC 
(SS turn on delay 
completed) 


Indicates the gyro wheels have had time to 
run up to speed. 
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4-5.7.9.1 Channel 13 Service. Read and write service for all bit positions of channel 13 
in both the LGC and CMC is illustrated in figure 4-180. The write and read signals 
are generated as a function of a write or read control pulse, respectively, and address 
0013 (XT1,XB3). The channe} is cleared coincident with write-in (CCH13) or whenever 
signal GOJAM occurs. 
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Figure 4-180, Channel 13 Service 
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4-5,7.9.2 Radar Control. The radar control logic is active in the LGC only. (See 
figure 4-181.) Bit positions 1 through 4 of channel 13 control the processing of radar 
data for both the rendezvous radar (RR) and landing radar (LR). Bit position 4 must 
contain a ONE for radar data to be processed. Bit positions 1 through 3 of channel 13 
determine the type of data to be processed. The resultant output signals to the radars 
are indicated in table 4-XCV. 


Table 4-XCV. Radar Data Processing 


Bit Positions Radar Data Signal Generated 
Corr) Le 


Processed 
3 


RR range (RRRANG) 
RR range rate (RRRARA) 


LR range (LRRANG) 
LR X velocity (LRXVEL) 
LR Y velocity (LRYVEL) 
LR Z velocity (LRZVEL) 


0 
0 
0 
0 
1 
1 
1 
1 


a 
ee a) 


Inputs from the radars to the LGC occur in the form of pulses (RRINI, RRINO and 
LRIN1, LRINO) subject to sync pulses RRSYNC or LRSYNC. The input radar data is 
applied to priority control as signals RNRADP and RNRADM. When 15 pulses have 
been received from the radar, the radar control generates signal RADRPT to termi-~ 
nate the generation of sync pulses and cause the priority control to request the execu~ 
tion of interrupt RUPT9. This interrupt enables the execution of the radar leadin rou~ 
tines which digest the radar inputs. 


When a ONE is entered into bit position 4 together with the necessary selection 
data in bit positions 1 through 3, FF 45402-45403 is set the next time signal F10A is 
generated. This action results in the generation of the 34sec, 100 pps signal ADVCNT 
which steps the counter consisting of gates 45405 through 45434. Signal ADVCNT also 
sets FF 45320-45321 which enables the generation of the radar data request signals 
specified by the contents of bit positions 1 through 3. The 3200 pps radar request sig- 
nal is supplied to the appropriate radar subject to timing signal F5BSB2. At the oc- 
currance of the ninth ADVCNT pulse, the counter generates signal CNTOF9 thereby in- 
hibiting the generation of the radar data request signals and enabling the reception of 
the requested radar data. 


The first GTSET signal to occur following the generation of signal CNTOF9 causes 


FF 45337-45338 to be set. (Signal GISET occurs approximately every 5 msec.) This 
action enables gate 45339 and causes the generation of either RRSYNC or LRSYNC 
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Figure 4-181, Radar Control Logic 
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pulses at a 3200 pps rate. The sync pulse generated Is dependent upon the content 
of bit posltlon 3. (The timer generates 3200 pps reset pulses RRRST and LRRST 
which occur halfway between the sync pulses.) The radar, under control of both 
a radar request signal and a sync pulse, returns the requested data in serial form 
as pulses RRIN1 and RRINO or LRIN1 and LRiINO. The incoming pulses are gated ac- 
cording to the contents of bit positions 1 through 4 and cause the generation of pulses 
RNRADP or RNRADM. A RRIN1 or a LRIN1 pulse gated causes a RNRADP to be gen- 
erated; a RRINO or a LRINO pulse causes a RNRADM to be generated. Each RNRADP 
or RNRADM pulse is forwarded to the priority control to request the execution of in- 
struction SHINC or SHANC, respectively. 


When gate 45339 was enabled to cause the generation of sync pulses, FF 45340- 
45341 was also set. This allows for the generation of slgnal RADRPT upon the oc- 
currance of signal GTRST. Since signal GIRST is generated approximately 5.0 msec 
after signal GISET, 15 syne pulses are generated during the interval and 15 input sig- 
nals are received from the radars. When signal GTRST occurs, signal RADRPT is 
generated which: 


a. Resets RR 45337-45338 to inhibit itself and the generation of sync pulses. 


b. Resets bit position 4, thus resetting FF 45402-45403 and inhibiting signal 
ADVCNT. 


c. Resets the radar counter in preparation for the next ADVCNT signal. 
d. Requests the execution of RUPT9 to enable the processing of the radar data. 
Thus radar data is requested, received, and processed within the LGC. 


4-5.7.9.3 Uplink and Crosslink Input Logic. The uplink and crosslink input logic 
(figure 4-182) is identical for the LGC and CMC, Bit positions 5 and 6 control the 
processing of serial data from both uplink and crosslink. Bit position 6 must con- 
tain a logic ZERO for either type of data to be processed. The contents of bit position 
5 determine which type of data is processed, a logic ZERO for uplink or a logic ONE 
for crosslink. Output signals INLNKP and INLNKM increment or decrement the inlink 
counter subject to timing signal FO4A and input signals UPLO, UPL1, XLNKO, and 
XLNK1. Each INLNK pulse is supplied to the priority control to request the execution 
of instruction SHINC or SHANC. 


When bit positions 5 and 6 contain ZERO's and signal BLKUPL (block uplink) is not 
present, signal INLNKM is generated whenever signal UPLO is received from uplink 
and signal INLNKP is generated whenever signal UPL] is received. When bit position 
5 contalns a ONE and bit position 6 contains a ZERO, FF 46224-46225 is set which in- 
hibits the processing of uplink data and enables the processing of crosslink data. In 
this case output signal INLNKM is generated subject to signal XLNKO from crosslink 
and signal INLNKP is generated subject to signal XLNK1. Timing signal F04A, which 
is generated every 156 4, sec, sets FF 46216-46217 and enables gates 46203 and 46206 
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thereby allowing signals INLNKM and INLNKP to be supplied to the priority control. 
When signal C45R is received from the priority control indicating the inlink cell has 
been reset, FF 46216-46217 is reset which inhibits the generation of additional INLNK 
pulses. In addition, gate 46211 is enabled so the reception of an uplink or crosslink 
pulse before FF 46216-46217 is set again by signal F04A, causes bit position 11 of 
channel 33 to be set indicating the inlink rate is too fast. 


4~5,7.9.4 RHC Input Logic. The RHC input logic (figure 4-183) is contained in the LGC 
only. Bit positions 8 and 9 of channel 13 control the processing of data from the rota- 
tional hand controller. Whenever the hand controller is moved out of the detent posi- 
tion, a ONE is entered into bit position 3 of channel 31 and the controller and meter 
routine is executed. This routine clears the RHC counters and sets bit positions 8 and 
9 of channel 13. A ONE in bit position 9 causes FF 46328-46329 to be set at the oc- 
currance of timing signal FO7D, Approximately 234 ysec later the flip-flop is reset by 
signal F07B. During the interval between FO7D and F07B, signal RHCGO is generated 
which resets bit position 9 and enables an analog-to-digital converter (circuit A) in the 
interface circuits. The A/D converter generates signals SIGNX, Y, and Z (SIGN__) and 
signals GATEX, Y, and Z (GATE _.) in response’ to the RHCGO signal. If bit position 8 
contains a ONE, signals BMAGXP through BMAGZM are generated subject to the inputs 
from the A/D converter. The outputs are termed BMAGXP, etc., to maintain consist~ 
ency with engineering information. If the SIGN __ signal is a logic ONE, the appro- 
priate BMAG__P signal is produced; if the SIGN __ signal is logic ZERO, the appro- 
priate BMAG_M signal is produced. Signals GATEX, GATEY, and GATEZ are vari- 
able length de signals which may gate as many as 32 BMAG signals. The width of the 
GATE __ signals is proportional to the amplitude of the input to the A/D converter from 
the rotational hand controller. The BMAG signals are sent to the priority control to 
request the execution of instructions PINC or MINC which increment or decrement the 
appropriate BMAG counters. 


4-5.7.9.5 BMAG Input Logic. The BMAG input logic (figure 4-184) is contained in the 
CMC. Bit position 8 of channel 13 controls the processing of data from the body 
mounted attitude gyros. With a ONE in bit position 8 (supplied by program), the three~ 
axes BMAG data is applied to priority control to initiate a counter instruction (PINC or 
MINC) and to update the associated BMAG counter in memory. 


4-5.7.9.6 Handrupt Interrupt Control. In the LGC, bit positions 12 through 14 of chan- 
nel 13 enable the processing of various inputs from the spacecraft (figure 4-185). 
When the LGC receives inputs from hand controllers, thrusters, or gimbals, signal 
HNDRUPT is supplied to the priority control to interrupt computer operation and initi- 
ate the execution of the hand control interrupt routine. Bit positions 12, 13, or 14 must 
contain a logic ONE in order for the interrupt to be generated. Bit 12 must be set in 
conjunction with the altitude-controller-out~of-detent input (azimuth or elevation data 
not yet supplied), bit 13 with the translation inputs, and bit 14 with the thruster fail and 
gimbal inputs. The three bit positions function similarly; therefore, only bit position 
12 is described in detail. 
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Figure 4-183. RHC Input Logic 
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Assuming FF 44213-44212 and 44209-44210 to be initially reset, the occurrence of 
signal CHWL12 sets FF 44213-44212. This action, coincident with the reception of 
signal ACNTOD, allows gate 44208 to be enabled by timing signal FO5A. When gate 
44208 is enabled, FF 44209-44210 is set and gate 44211 is enabled subject to timing 
signal FOSB. This action resets FF 44213-44212 and resultsin the generation of signal 
HNDRPT subject to signal TPOR which is generated at T5 or Tll time. The outputs of 
all three bit positions are ORed by gate 44230 such that any hand controller input pro- 
duces signal HNDRPT. 


In the CMC, bit positions 12 tbrough 14 of channel 13 control the rotation, transla~ 
tion, Or minimum impulse hand controller inputs. These differences are as indicated 
in the boxed signals in figure 4~185. The operation of these logic circuits is similar to 
that described for the LGC. 


4-5.7.9.7 Channel 13 ~ Bits 10, 11, and 15/16. Bit positions 10, 11, and 15/16 of chan- 
nel 13 perform separate internal functions common toboth the LGC and CMC. A one in 
bit position 10 causes the generation of signal ALTEST (figure 4-186) whicb inhibits 
signal RESTRT in the alarm circuit. This allows various caution indicators on the 
DSKY and the PGNCS panel to be tested. The indicators are inaccessible to program 
testing. A ONE in bit position 11 enables the standby circuits and a ONE in bit position 
15/16 causes the generation of a T6RUPT. 


4-5.7.10 Output Channel 14. Channel 14 (figure 4~187) controls various areas of the 
LGC/CMC to transfer data from counters in erasable memory to various PGNCS and 


spacecraft systems. In the LGC, bit position 1 enables the crosslink control logic 
which provides a serial data word to the crosslink equipment. Bit positions 2 and 3 
are the altitude meter control which provides altitude and altitude-rate data for the 
altitude meter on the PGNCS display and control panel. Bit positions 4 and 5 are the 
thrust drive control whicb provides plus and minus drive pulses to the LEM monitor- 
ing system and to the propulsion system. Bit positions 6 through 10 constitute the gyro 
drive control which provides plus and minus drive pulses to the X, Y, and Z gyros. 
Bit positions 11 througb 15/16 constitute the CDU drive control which provides plus and 
minus drive pulses to the optics shaft and optics trunnion CDU's and the X, Y, and Z 
CDU's. 


In the CMC, the crosslink logic (bit 1) is identical. Bit positions 2, 3, and 4 are 
not used. Bit 5 of channel 14 controls the entry monitor system (EMS) outputs. The 
remaining bit positions control output logic circuits (gyro and CDU) identical to those 
in the LGC, 


4-5.7.10.1 Crosslink Control Logic. The crosslink control logic generates signals 
OTLNKM, OTLNKO, and OTLNK1 to convert the LGC data word into a 15-bit serial 
data word to be transmitted by the crosslink equipment. Signal OT LNKM is supplied 
to the priority control to request the execution of instruction SHINC. Signals OTLNKO 
and OTLNK1 provide the crosslink data. 
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Figure 4-185. Handrupt Interrupt 
Control Logic 
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When a ONE is entered into bit position 1, FF 46135-46136 is set. The incidence 
of signal GTSET sets FF 46138-46139 and prepares gate 46140 for the arrival of signal 
F5ASB2 which occurs approximately 156 sec later (figure 4-188). Signal F5ASB2 sets 
FF 46141-46142 which resets FF 46135-46136 and causes one OTLNK1 pulse to be gen- 
erated which is the flag bit for the crosslink word. Approximately 156 sec later, 
Auta GTONE occurs and resets FF 46138-46139 which inhibits gate 46140. Signal 
F5ASBO0, which occurs 156 sec after signal GTONE, causes signal OTLNKM to be gen~ 
erated and forwarded to the priority control. Since FF 46141-46142 is set, signal 
OTLNKM is generated every time signal F5ASBO occurs (every 312 sec). This action 
continues until signal GTSET occurs again. Since signal GTSET occurs every 5 msec, 
15 OTLNKM pulses are generated during the interval to provide for a complete cross- 
link word. 


Each time an OTLNKM pulse is supplied to the priority control, instruction SHINC 
is requested and the address of the outlink counter (0057) is formed. Each time SHINC 
is executed, the content of counter OUTLNK which was loaded by the program is shifted 
one place to the left and the bit shifted out is converted to an OTLNKO pulse. The 
counter address (signals CAS and CXB7), together with instruction SHINC at T06 time 
(signal SH3M8), enables gates 46146 and 46147 so that the state of signal BR1 deter- 
mines whether pulse OTLINK1 or OTLINKO is generated. lf the bit shifted out of 
counter OUTLNK is a ONE, signal BR1 is a ONE and pulse OTLINK1 is generated. If 
the shifted bit is a ZERO, signal BR1 is also a ZERO and pulse OTLINKO is generated. 
When a new crosslink word is entered into counter OUTLNK, bit position 1 of channel 
14 is set and the operation is repeated. 


4-5.7.10.1A Altitude Meter Control. The altitude meter control logic is contained in 
the LGC only. This logic section converts an LGC data word into a 15-bit serial data 
word to be used to control the altitude meter on the PGNCS display and control panel. 
Signal ALTM is supplied to the priority control to request the execution of instruction 
SHINC. Signals ALTO, ALT1, and ALTR1 provide the altitude data subject to sync 
pulse ALTSNC. The contents of bit position 2 determine whether altitude (ALTO, 
ALT1) or altitude rate (ALTRO, ALTR1) data is processed. Bit position 3 is used like 
bit position 1 for the crosslink control and the timing shown in figure 4-188 is identical 
except that signal ALTM is generated by the altitude meter control in place of signal 
OTLNKM for the crosslink control. 


When a ONE is entered into bit position 3, FF 46124-46125 is set with the occur- 
rence of signal GTSET and signal ALTSNC is generated. Approximately 156 sec later, 
subject to timing signal F5ASB2, an ALT1 or ALRT1 pulse (the flag bit for the altitude 
word) is generated. In addition, FF 46127-46128 and 46130-46131 are set and bit posi- 
tion 3 is reset. Signal GTONE is generated approximately 156 sec later which resets 
FF 46124-46125 and 46130-46131. This has no effect on signal ALTSNC since 
FF 46127-46128 is still set, generating signal ALTSNC. Signal ALTM is generated 
156: sec after signal GTONE subject to timing signal F5ASBO0. Signal ALTM is then 
generated every 312 # sec until inhibited by the next GISET signal which resets 
FF 46127-46128 and also inhibits signal ALTSNC. A total of 15 ALTM signals are 
generated between the occurrence of signals GTONE and GTSET. 


4-532 Rev. F 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


7 LF Re © GS ¢ SE: ¢ SE © GS ¢ CD » CE ¢ nnn: Lh -  u« aa FALTITUDE METER CONTRO 
Roy Ue 


6TSET 5 
l 


: 
133 
RCHIA iat 
! ae 7} ssneyn oT ae cr1a02 D>. ° ALRTO 
J erwcoe 
© 
i WCHIG 138 
5 


YHAST + 


cx) 
ry 


i 
VY 


ccHI 


FCHANNEL SERVICE SSS ‘1 


34 
o——- MINCE + 


wena oS E> 
* 2 
crwcos e22 ae 
ACHI4 @— ry 
> o—o cHi403 
s 


1 
| 
| 
| 
1 
1 
| 
1 
| 
| 
| 
1 
| 
| 
| 

ALTM l A 
] ' 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 

i 


Figure 4-187, Crosslink, Attitude Meter, EMS 
and Thrust Drive Control Logic 
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Figure 4-188. Crosslink Timing 


Each time signal ALTM is supplied to the priority control, instruction SHINC is 
requested and the address of the altitude meter counter (0060) is formed. Instruction 
SHINC shifts the content of the preloaded counter one place to the left and the bit 
shifted out is converted to an ALT or an ALRT pulse. The counter address (signals 
CA6 and CXBO0) together with instruction SHINC at T06 time enables gate 46106 or 
46107 so that the state of signal BR1 determines which pulse (ALT or ALRT) is gen- 
erated. If the bit shifted out of the counter is a ONE, signal BR1 is a ONE and pulse 
ALTI or ALRT1 is generated depending upon the content of bit position 2. If the 
shifted bit is a ZERO, signal BR1 is ZERO and pulse ALTO or ALRTO is generated. 
When a new altitude meter word is entered into the counter, bit position 3 is set and 
the operation is repeated. 


4~5.7.10.2 Thrust Drive Control, The thrust drive control (figure 4-181) is active 
in the LGC only. Bit positions 4 and 5 of channel 14 cause signals THRSTD, EMSD, 
THRST+, THRST-, MINCR+, and MINCR- to be generated. Signals THRSTD and 
EMSD are supplied to the priority control to request the execution of instruction 
DINC and the remaining signals supply plus and minus drive pulses to the propulsion 
system and the LEM monitoring system depending upon the content of the associated 
counters in erasable memory. Since the operation of both bit positions is identical, 
only the operation of bit position 5 is described. 
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A ONE entered into bit position 5 of channel 14 enables the generation of signal 
EMSD every 3124 see subject to timing signal F5ASB2. Each signal EMSD requests 
the execution of instruction DINC to decrement the content of the EMS counter. Signal 
EMSD also causes the forming of address 0056 (signals CAS and XB6). This address 
and signal POUT or MOUT from the sequence generator produce output pulse MINCR+ 
or MINCR-, respectively. Each time signal EMSD is generated, this operation is re- 
peated until the EMS counter contains zero. When this occurs, signal ZOUT is gen-~ 
erated which resets FF 46236-46237 and inhibits any additional EMSD Signals. 


In the CMC, bit position 5 only is used to generate outputs EMS: and EMS- to the 
entry monitor system. Operation of this logic is similar to that for MINCR+ and 
MINCR- described above for the LGC. 


4-5.7.10.3 Gyro Drive Control. The gyro drive control (figure 4-189) is identical in 
both the LGC and CMC. Bit positions 6 through 10 of channel 14 generate gyro enable 
(GYENAB), gyro set (GYRSET), gyro reset (GYRRST), and six drive pulses to torque 
the gyros. In addition, the gyro drive control sends signal GYROD to the priority con- 
trol to request the execution of instruction DINC. Bit position 6 controls the generation 
of GYENAB, bit position 10 controls GYROD, and bit positions 7 through 9 determine 
the gyro to be torqued and the direction of torquing. 


Assuming an initial condition where FF 46402-46403 is reset and FF 46441-46440 
is set, GYRRST pulses are sent to the gyros at a 3200 pps rate subject to signal 
F5ASB2. When the desired quantity is entered into the GYROS counter in erasable 
memory, a ONE is entered into bit positions 6 and 10 and some combination of ONB's 
and ZERO's is entered into bit positions 7 through 9. (Refer to table 4-XCVI for the 
decoding of these bits into drive pulses.) Signals GYENAB and GYROD are generated 
subject to timing signals SB1 and F5ASB2, respectively. Signal GYENAB enables the 
gyros for torquing; signal GYROD requests the execution of instruction DINC and causes 
the forming of address 0047 (signals CA4 and XB7). This address, coincident with 
signal POUT or MOUT from the sequence generator, causes FF 46441-46440 to be 
reset. Gate 46443 is inhibited and gate 46442 is enabled thus inhibiting GYRRST pulses 
and initiating GYRSET pulses. When the content of the GYROS counter has been re- 
duced to zero, signal ZOUT is received which resets FF 46402-46403, sets FF 46441- 
46440, inhibits pulses GYROD and GYRSET, and enables the generation of GYRRST 
pulses. Thus, the torquing cycle is complete. 
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4-5.7.10.4 CDU Drive Control. The CDU drive control is also identical in both the 
LGC and CMC. Bit positions 11 through 15/16 of channel 14 generate drive pulses to 
position the X, Y, Z shaft, and trunnion CDU's. Since the operation of the five bit posi- 
tions is identical, only bit position 11 is described. 


A ONE in bit position 11 causes the generation of signal SHAFTD which requests 
instruction DINC and causes address 0054 (signals CAS and XB4) to be formed. Signal 
POUT or MOUT from the sequence generator causes the shaft CDU to be driven posi-~ 
tive or negative until the contents of the shaft CDU counter is reduced to zero. When 
the CDU counter is a zero, signal ZOUT is received from the sequence generator, 
FF 48342-48343 is reset, and signal SHAFTD is inhibited. 


Table 4-XCVI. Gyro Drive Pulses 


Bit Positions 


Drive Pulse Generated 


No output 
No output 
GYXP (X gyro pilus) 
GYXM (X gyro minus) 
GYYP (Y gyro plus) 
GYYM (Y gyro minus) 
GYZP (Z gyro plus) 
GYZM (Z gyro minus) 
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4-5.7.11 Downlink Converter. The downlink converter (figure 4-190) converts parallel 
data contained in output channels 34 and 35 into serial data for transmission downlink. 
Three pulses (DKSTRT, DKBSNC, and DKEND), received from the telemetry equipment, 
control the operation of the downlink converter. Pulse DKSTRT starts the downlink 
transmission: pulse DKBSNK processes one bit at a time out of channels 34 and 35; 
pulse DKEND ends the downlink transmission. When the transmission is complete, 
signal DLKRPT is generated by the downlink interrupt circuit which causes the execu- 
tion of the downlink routine. This routine loads new data into channels 34 and 35 and 
sets bit position 7 of channel 13. If signal DKEND is received more than once in a 
10 msec interval, bit position 12 of channel 33 (the downlink interrupt circuit) is set to 
indicate the downlink transmission rate is too fast. 


Signal DKSTART causes the generation of signal DLKCLR which resets the five- 
stage downlink counter and sets FF 47105-47104 in the downlink counter and 47153~ 
47154 in the word order logic. The first flip-flop generates signal RDOUT and the 
latter generates signals WDORDR and ORDRBIT. These three signals set up gates 
47256 and 47261 so that the reception of a syne pulse (BSYNC) causes the gates to be 
enabled thereby transmitting data downlink via signals DKDATA and DKDATB. [Each 
BSYNC pulse is also supplied to gate 47106 in the downlink counter. The first BSYNC 
pulse has no effect on the counter since signal WDORDR inhibits the gate and prevents 
the generation of signal ADVCTR; however, the order bit is transmitted downlink to 
identify the type of data being transmitted. The first BSYNC resets FF 47153-47154 
which inhibits signal WDORDR and enables gate 47106. As each successive BSYNC 
pulse is received, the downlink counter is advanced by one suhject to signal ADVCTR 
until a count of 16 has heen reached. Then pulse DKEND is received which resets 
FF 47105-47104 and inhibits the generation of signals DKDATA and DKDATB via signal 
RDOUT. Pulse DKEND also causes the generation of signal DLKRPT as previously 
described. 


The outputs of the downlink counter (signals DKCTR1-DKCTRS5) are decoded and 
are used to control the read gates of channel 34. The decoding is such that the content 
of bit position 15 is transmitted first followed by the contents of bit positions 14 
through 1 and the parity bit. Thus a total 33 bits are transmitted downlink, the order 
bit (ORDRBT) and 16 data hits. 


4-5.7.12 Interface Modules _A25-A29. The interface modules provide interfacing be- 
tween the LGC/CMC and the DSKY, spacecraft, and remainder of the PGNCS. All inputs 
to and outputs from the LGC/CMC are routed through these modules. Interface 
modules A25 and A26 are identical as are A27 through A29. Figures 4-191 and 4-192 
illustrate the signal flow of all signals. 


Seven interface circuits provide the proper voltage levels and impedance matching 
between the computer and other spacecraft systems. Circuit A is an analog-to-digital 
converter contained in the LGC only. This circuit converts rotational hand controller 
position signals to pulses for use in the RHC input circuits. The upper half of the 
transformer (T1} secondary charges capacitors C3 and C4 through CRI and the hase to 
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emitter path of transistor Q5. When pulse RHCGO is applied to the base of Q3, tran- 
sistor Q5 is cut off for a time proportional to the peak voltage at the input. Therefore 
the width of the output pulse (GATEX, Y, or Z) at the collector of Q6 is proportional to 
the amplitude of the input signal. The bottom half of the transformer secondary 
squares the input signal to detect phase. The output pulse (SIGNX, Y, or Z) at the 
collector of Q4 reflects the polarity of the input signal from the hand controller. The 
C circuit is a transistor driver circuit which buffers outputs from the computer to the 
DSKY and the reaction control system. The D circuit consists of an RC filter, the 
output of which is applied directly to the computer logic circuits. The P circuit filters 
the +14 volt input to the XT circuit. The series resistor R circuit is used to provide 
short circuit protection for outputs from the power supply. The transformer output 
interface circuit (XT) consists of a pulse transformer driven by an input transistor 
circuit. It provides the required output impedance to match spacecraft circuits and 
other subsystems of the PGNCS. The transformer input interface circuit (Y) consists 
of a pulse transformer and associated components which provide impedance matching 
and voltage level necessary to operate the logic in the computer. 


All signals interfaced with the computer have an alphanumeric code rather than the 
functional name when routed outside any particular subsystem. This code is used in 
the interface drawings and designates the interface circuit type and signal type and 
number (for example, DE040). 

The first letter designates the interface circuit type: 

A Analog-to-digital converter 
Discrete type output circuit 


Discrete type input circuit 


Resistor in series 


wy) Ey lel © 


| direct wire no interface circuit required 
Switch closure 


W Connecting wire 
X Transformer coupled output circuit (XT) 
Y Transformer coupled input circuit 
The second letter designates the type of signal: 
A Indicates the signal is under counter control; each output pulse is counted 


B Indicates the signal is under program control 
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C Indicates the signal is continuous 
D Indicates the signal is a de level 
E Indicates the signal goes to an IN bit or comes from an OUT bit 
G Indicates the signal goes to a counter 
The digits indicate interface signals between specific systems: 
001-100 LGC/spacecraft interface 
100 - 200 LGC/PGNCS interface 
200 - 300 LGC/DSKY interface 
300 - 400 DSKY/PGNCS interface 
400 - 500 DSKY/spacecraft interface 
600-700 LGC/GSE interface 
700 - 800 LGC/GSE interface 
800 ~ 900 LGC/spacecraft interface 


900 - 1000 LGC/PGNCS interface 


4-5.8 MEMORY. Memory consists of an erasable memory with a storage capacity of 
2048 words and a fixed core rope memory with a storage capacity of 36,864 words. 
Erasable memory is a random-access, destructive readout storage device. Data 
stored inerasable memorycanbe altered or updated. Fixed memory is a nondestructive 
storage device. Data stored in fixed memory is unalterable since the data is wired in. 
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Both memories contain magnetic-core storage elements. In erasable memory 
tbe storage elements form a core array (one module); in fixed memory the storage 
elements form three core ropes {six modules). Erasable memory has a density of one 
word per 16 cores; fixed memory has a density of twelve words per core. Each word 
is located by an address from the central processor. 


4-5.8.1 Erasable Memory Functional Description, Erasable memory (figure 4-193) 
consists of a core array, memory cycle timing circuits, selection circuits, and sense 
amplifiers. The core array is the medium by which dataisstoredin erasable memory. 
The memory cycle timing circuits generate strobe slgnals wbich enable the selection 
circuits and the sense amplifiers. The selection circuits select the addressed storage 
location under control of the selection signals from the address decoder in the central 
processor and strobe signals from the memory cycle timing circuits. The sense ampli- 
fiers detect the contents of the selected storage location and supply half ofthe data direct- 
ly to the central processor and the otherhaif tbrough the fixed memory sense amplifier. 


Erasable memory is addressed (table 4-XCVII) by the contents of registers 
S and EBANK of the central processor, Erasable memory Is subdivided into eight banks 
(0 through 7), each storing 256 words. The first 8 locations of bank 0 are used for 
addressing the central processor registers. Another 12 addresses are reserved for 
addressing special locations and 29 for addressing counters. The remaining 207 
addresses of bank 0 are used for addressing locations which are accessible for general 
use, 


Banks 0, 1, and 2 are referred to as unswitched E memory because all their 
locations can be addressed by register S without regard to what might be contained 
in EBANK, Banks 3 through 7 are referred to as switched E memory because their 
locations can be addressed only through a combination of tbe S and EBANK registers. 
Locations in unswitched E memory can also be addressed as locations in switched 
E memory if the proper bank address is contained in register EBANK. 


Erasable memory is addressed only when bit positions 12 and 11 of register S 
are logic ZERO's, When bit positions 10 and 9 also contain ZERO's it indicates that 
a location in bank 0 is addressed, regardless of the contents of register EBANK. 
When bit 10 or 9, but not both contain a ONE, a location in bank 1 or 2 is addressed 
regardless of the contents of register EBANK. When bit positions 10 and 9 both 
contain a ONE, a location is addressed in that bank, the number of which is contained 
in register EBANK, 


4-5.8.1.1 Core Array. Tbe core array of erasable memory has 2048 word storage 
locations, contained in 16 bit planes and defined by the intersection of 64 X lines and 
32 Y lines. Each bit plane contains 2048 cores, An individual bit in each plane is 
selected by the intersection of an X and Y line threading a core. Thus, one word storage 
location is selected. Each core is also threaded by a sense line and an inhibit line. 
The sense line threads all cores in a particular bit plane, such that current is induced 
into the sense line if tbe state of any core in the plane is changed. Current through 
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the inhibit line prevents any core in the bit plane from switching since it opposes 
the current on tbe X and Y selection lines, Thus, current in a combination X, Y, 
and inhibit lines determines which cores are selected. Core selection is identical 
for both the read and write operations, 


4-5.8.1.2 Erasable Memory Cycle Timing Circuits. The erasable memory cycle timing 
circuits consist of timing control and timing flip-flops, which generate strobe signals 
to sequence the operation oferasable memory. These strobe signals are generated during 
one memory cycle time (11.97 microseconds), subject to timing signals from the timer 
as shown in figure 4-194. The timing flip-flops generate the strobe signals subject to 
signal ERAS from the timing control. Signal ERASis generated only when bits 11 and 12 
of register S in the central] processor are both ZERO's, the subinstruction commands 
from the sequence generator are all ZERO's, and signal SCAD is not present. Bits 11 
and 12 are ZERO's when the specified memory address is lower than 2000 (octal). 
Signal SCAD is a ONE only when the specified address is lower than 0007. The timing 
control also generates signal TIMR when signal STOP (represents CTS start and stop 
or alarm condition) is present. Signal TIMR resets several timing flip-flops in erasable 
memory and inhibits the addressing ofthe ropes in fixed memory. Input signal MYCLMP 
inhibits access to memory ifthe +4 yde power supply fails or the computer is in the standby 
mode, 


The timing flip-flops generate the various strobe signals which enable the selection 
circuits and sense amplifiers. As previously discussed, several strobe signals are 
inhibited by signal TIMR and those remaining by signal GOJAM. 


4-5.8.1.3 Selection Circuits. Selection signals (X and Y) from the address decoder in 
the central processor are applied to the top and bottom select drivers. When these 
drivers receive the set strobe, the selection signals are supplied to the top and bottom 
selection switches. The read signals {X and Y) enable the top selection switches and 
aliow current to flow from the bottom selection switch through the core array to the top 
selection switches. The current flowing through the X and Y lines coincides at the 
addressed storage location {one core of each plane) in the core array. As a result, 
current is induced into the sense lines which thread those cores that switched from a 
ONE to a ZERO, The current on the sixteen sense lines is detected by the sense ampli- 
fiers and applied to register G when the sense strobe is generated. The selection 
switches remain set until the reset signals are received. 


The write signals {X and Y) enable the bottom selection switches and allow current 
to flow from the top selection switches through the core array to the bottom selection 
switches. Again the current flowing through the Xand Y lines coincides at the addressed 
location inthecore array. However, duringthe write operation the cores in the addressed 
location are switched to a ONE, provided they are not also receiving current in the 
inhibit lines. All cores receiving inhibit current remain in a ZERO condition. Inhibit 
current is governed by the content of register G, There are 16 inhibit drivers, and each 
is connected to a bit plane. Thus, the content of register G determines which cores in 
a storage location are switched bythe X and Y selection lines during the write operation. 
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Figure 4-194. Erasable Memory Timing Diagram 
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Figure 4-195 is a simplified diagram of the selection circuits. Each selection 
Signal effectively closes one top or bottom selection switch. Any one of 64 lines can be 
selected by closing one top and one bottom selection switch {XT and XB). Similarly 
any one of 32 lines can be selected by closing one top and one bottom selection switch 
(YT and YB). Where they intersect in the core array is the addressed location. This 
occurs in the same position in all sixteen bit planes of erasable memory. 


4-5.8.1.4 Sense Amplifiers. There are 16 sense amplifiers in erasable memory. Each 
amplifier senses the content of a bit location during the read operation. The bi-polar 
sense signals are converted to single polarity signals and half are applied directly to tbe 
central processor and the otherhalf are gated through the fixed memory Sense amplifiers 
when the amplifiers are enabled with the sense strobe. In addition, half of the word read 
out of fixed memory is alsogated through the erasable memory amplifiers to the central 
processor. 


4~5.8.2 Fixed Memory Functional Description. Fixed memory (figure 4-196) consists 
of fixed memory cycle timing circuits, selection circuits and drivers, core ropes 
and return circuits, and the sense amplifiers. Memory cycle timing generates the 
timing signals necessary for fixed memory operation. A location in fixed memory 
is addressed according to the contents of registers S, FBANK, and FEXT in the 
central processor. The selection circuits convert the contents of registers S, FBANK, 
and FEXT into the various signals necessary to select the addressed storage location. 
The three core ropes, which are the storage medium for storing data in fixed memory, 
are designated ropes R, S, and T. A Tope consists of two modules and each module 
contains 512 cores. Tbe sense amplifiers detect the content of the addressed storage 
location and supply this data through the sense amplifiers in erasable Memory to the 
central processor. 


Fixed memory is subdivided into 64 banks for addressing (table 4=XC VII), each 
storing 1024 words. However, only 36 banks (00 through 43) are built into the computer, 
but the other 28 banks (44 through 77) can be added. 


Banks 00 through 27 are referred to as FEXT - Channel X because all of the 
locations can be addressed by entering the address in registers S and FBANK without 
regard to what might be contained in register FEXT. All other banks, 30 through 77, 
may be addressed only if the correct channel number (0-3, 4, 5, 6, or 7) is contained 
in register FEXT. 


Banks 02 and 08 are also referred to as fixed-fixed memory because the locations 
can be addressed by entering the proper address in register S without regard to what 
might be contained in register FBANK. Banks 00, 01 and 04 through 27 are also referred 
to as variable fixed memory, however, the proper bank number must be contained in 
register FBANK. 


Fixed memory is addressed only when bit position 12 or 11, or both, of register S 
contain a ONE. Whenever bit position 12 contains a ONE, fixed-fixed memory is 
addressed, regardless of the contents of registers FBANK and FEXT. Whenever bit 
position 12 contains a ZERO and bit position 11 a ONE, a location is addressed in that 
bank which is defined by the contents of registers FBANK and FEXT, 
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When bit positions 16 and 14 of register FBANK both contain ZERO's, or a ZERO 
and a ONE, bit position 12 of register S contains a ZERO, and bit position 11 a ONE, 
it indicates that a bank in FEXT (Channel X) is addressed, in which case the content of 
register FEXT is irrelevant. When bit positions 16 and 14, of register FBANK, contain 
ONE's, a bank in FEXT - Channel 0-3, or 4 through 77 is addressed. 


4-5.8.2.1 Fixed Memory Cycle Timing Circuits. Fixed memory cycle timing consists 
of timing control and timing flip-flops. The timing control regulates the generation of 
timing signals, used for fixed memory operation, by means of signal ROP. OP, Signal ROP 
is generated when either bit 11 or bit 12, or both, are ONE's. Signal ROP occurs for 
memory addresses above 1777. The timing flip-flops generate the timing signals (fig- 
ure 4-197) necessary to sequence the operation of fixed memory subject to timing 
signals from the timer, and subinstruction commands from the sequence generator. 
The timing signals generated are IHENV (enables the inhibit drivers), SET ENABLE 
(enables the set circuits), STRGAT (enables the rope and strand circuits), RESET 
ENABLE (enables the reset circuits), and SBF (enables the sense amplifiers). The 
generation of the inhibit and set signals is inhibited by signal TIMR from the erasable 
memory cycle timing circuits. The remaining timing signals are inhibited by signal 
GOJAM from priority control. 


4-5.8.2.2 Selection Circuits and Drivers. The selection circuits generate the rope, 
strand, module, set, reset, and inhibit signals necessary to select an addressed storage 
location in fixed memory. 


Set selection is accomplished by signals 509 and S09 subject to the set enable tim- 
ing signal. One of two set signals (SETAB or SETCD) is fed through a driver circuit 
and applied to the core ropes. 


Reset selection is accomplished by signals 508, $08, S09, and S09 subject to the 
reset enable timing signal. One of four reset signals (RESET A, B, C or D) is fed 
through a driver circuit and applied to the core ropes. 


Inhibit selection is divided into two parts. Signals S01 through 507 and their 
complements determine which of the 14 inhibit lines is activated, and the remaining 
two lines are activated by X and Y selection signals from erasable memory. The in- 
hibit lines are applied to the core ropes subject to timing signal IHENV. 


The rope and strand selection is accomplished by combining signals $10 and S10 
with signals F1l through F16 and their complements. Module selection is accom- 
plished by combining the rope and strand selection signals. 


A rope is selected by applying one of three rope selection signals to a particular 
rope return circuit. The sense lines threading or bypassing each core are grouped 
together into strands. A particular sense strand (1 of 72) is selected and applied to 
the core ropes. Module selection allows one module of the six in the core ropes to be 
activated. 
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4-5.8.2.3 Core Ropes and Return Circuits. The drive lines (2 set, 4 reset, and 16 in- 
hibit) threading the three ropes are connected in parallel, but return to three separate 
rope return circuits. Thus, a particular rope is selected by enabling the appropriate 
rope return circuit. This enabling occurs when one of three rope selection signals is 
received. At the same time, one of the two modules in a rope will be enabled by a 
module selection signal. 


A strand consists of 16 sense lines (one per bit) and there are 12 strands per 
module for a total of 72 strands in fixed memory. However, only one strand select 
signal is present at a time. The 12 strands thread or bypass all cores in a module. 
Therefore, when a strand select signal is present, one word (one of twelve) of each 
core in a module is conditioned. 


The combination of the inhibit, set, and reset lines are then used to select one core 
of the 512 cores in a module. During reset time the selected word is detected and 
amplified by 16 sense amplifiers which are enabled by signal SBF. 


4-5.8.2.4 Sense Amplifiers. As in erasable memory, there are 16 sense amplifiers in 
fixed memory. Each amplifier amplifies the data on the selected sense line and for- 
wards the data through the erasable memory sense amplifiers, when enabled by timing 
signal STROBE. 


4-5.8.3 Erasable Memory Detailed Description. The functional presentation of the 


core array, timing circuits, selection circuits, and the sense amplifiers in erasable 
memory is detailed in the following paragraphs. 


4-5.8.3.1 Core Array. The core array (figure 4-198) contains 16 bit planes. Each bit 
plane consists of 2048 cores arranged in 64 columns and 32 rows. An individual bit is 
selected by the intersection of X selection lines {XT, XB) and Y selectlon lines (YT, 
YB) threading a core. The selection lines are threaded through the cores so one core 
on each bit plane is selected by a given X~Y combination. Each core selected is in the 
same location in every bit plane, that is, at the intersection of the X and Y selectlon 
lines Carrying current. The location of the line intersection is determined by address- 
ing through the selectlon clrcuits. The 16 selected cores, one per bit plane, constitute 
a word storage location. The directlon In whlch current flows through the lines deter- 
mines whether data is being written into or read out of a selected core. 


In addition to the X and Y lines, each core in a bit plane (figure 4-199) is threaded 
by an inhibit line and a sense line. Current through the inhibit line is in opposition to 
the X and Y selection currents and prevents all unselected cores in the bit plane from 
being switched since it cancels one-half the selection current. Current is induced into 
the sense line if the state of any core ls changed from a ONE to a ZERO; no current is 
induced if the core is already in a ZERO state. The sense lines are connected to 16 
amplifiers, each amplifying the current in a sense line and providing the power neces- 
sary to write ONE's Into register G of the central processor. In this manner the con- 
tents of an erasable memory location are detected. 
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Before a storage location in erasable memory is written into, tbe location must be 
cleared. This is accomplished by applying reset signals to tbe selection switches. 
All the cores of the addressed location which are in the ONE state will cbange to the 
ZERO state; all other cores in the ZERO state remain in that state. When the parti- 
cular storage location is written into, current is sent through the X and Y selection 
lines as previously discussed but in tbe opposite direction. A current also is fed into 
tbe inhibit lines of all bit planes in whicb no CNE is to be written, ji.e., where a2 ZERO 
should remain in a particular core. At write time several different current conditions 
exist for the various cores. Whenever a core is intersected by only one selection line 
(X or Y), the core remains in its existing state. Whenever a core is intersected by 
one selection line (X or Y) and an inhibit line, the effects of both currents cancel, and 
the core remains in its existing condition. Whenever a core is intersected by two se- 
lection lines (one X line and one Y line) and an inhibit line, the net effect of all three 
currents is equal to tbe effect of a single select current (passing tbrough a core of an 
addressed location which bas been cleared), and the core remains in the ZERO state. 
Only if a core is intersected by two selection lines (one X line and one Y line) but not 
an inhibit line will a core change from the ZERO to the ONE state. In this manner a 
16-bit word is entered into erasable memory. 


4-5.8.3.2 Erasable Memory Cycle Timing. Erasable memory cycle timing (figure 
4~200) consists of several flip-flop circuits, which produce the timing signals for 
erasable memory. These timing signals (refer to figure 4-197) are produced in one 
memory cycle time (T01 through T12). Bits 11 and 12 (S11 and $12) from register 5 
are logical ZERO's when erasable memory is addressed. This condition, coincident 
with subinstruction command signals TCSAJ3, INOUT, CHINC, and GOJi, produces 
gating signal ERAS. The generation of ERAS allows the flip-flops associated with 
signals SETEK, SBE, REY and REX to be set at the times indicated. 


The set strobe (SETEK) is initiated by timing signal T03 and is terminated when 
signals T06 and PHS3 are coincident. Signal SETEK conditions the core selection 
switches to be addressed. Tbe flip-flop formed by gates 42246 and 42247 produces 
strobe signal SBE which enables tbe sense amplifiers to supply data to register G. 
The flip-flop is set by signals T04 and SCAD. Signal SCAD is a logical ZERO when a 
flip-flop register is not being addressed. The SBE flip-flop is reset by timing signal 
T05. Read strobes REX and REY enable data to be read out of memory. Read strobe 
REX is generated when_signals T03 and PHS3 are coincident. Read strobe REY is 
generated when signals T03 PHS4 are coineident. Both are terminated (REDRST) when 
T05 and PHS3 are coincident. The flip-flops associated with signals SETEK, SBE, 
REY, and REX are also reset by signal FOJAM. In addition signal SETEK may be 
inhibited by signal MYCLMP. 


The generation of signal SNERAS from flip-flop gates 42225 and 42226, wben 
signals ERAS and T05 are coincident, allows the flip-flops associated with signals 
WEX, WEY, RSTKX, RSTKY, and ZID to be set at tbe times indicated. 


The write strobes WEX and WEY enable data to be written into memory. Write 
strobe WEX is generated when signals TiO and PHS3 are coincident. Write strobe 
WEY is generated when signals T10 and PiiS4 are coincident. Both are terminated 
wben signals T12 and PHS3 are coincident. The reset strobes RSTKX and RSTKY are 
produced simultaneously when signals T10 and PHS3 are coincident. These signals 
enable the reset drivers, thereby clearing the addressed memory location prior to 
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writing in data. The reset strobe flip-flop, consisting of gates 42218 and 42219, is 
reset when signals PHS4 and 7J02 are coincident. The inhibit strobe (ZID) gates the 
inhibit drivers at T10 time. Signal ZID is terminated at TO1 time. In addition, signal 
ZID may be inhibited by signal MYCLMP. The flip-flops which produce the write, 
reset, and inhibit strobes are reset by signal TIMR. Signals STRT2, STOP, and 
timing signals P01, P04, and P05 control the generation of TIMR, to ensure the signal 
is not generated until after the completion of the strobes. 


4-5.8.3.3 Selection Circuits. As previously stated, information is written into and 
read out of a storage location by means of core selection. There are 64 X coordi- 
nates and 32 Y coordinates (figure 4-201). Combinations of control signals XT, SB, 
YT, and YB set the proper selection switches (figure 4-202) and allow 16 cores (one 
in each plane) to be selected. Figure 4-202 illustrates the selection switches and 
their associated index circuits. Since X and Y operations function the same, only one 
set of selection switches (X bottom and X top) and their associated drivers (X bottom, 
X top, X read, X write, and X reset) is discussed. Signal names and pin numbers for 
circuits other than those discussed may be found on figure 4~202. 


The set strobe driver acts as a power switch for the bottom and top select drivers 
by supplying +14 volts to the drivers. Signal SETEK forces transistor Q4 to conduct, 
which causes transistors Q5, Q6, and Q7 to conduct. When Q6 and Q7 conduct, +14 
volts are supplied to the collectors of transistors Q13 and Q14, causing both to conduct. 


Since the read and write drivers operate in the same manner only the write driver 
is discussed. Input signal WEX causes transistor Q10 to conduct which in turn causes 
Ql11 and Q12 to conduct. Resistors R17 and R27, and diodes CR10, CR11, CR27, and 
CR28 stabilize the base current on transistor Q12. The collector current of transistor 
Q12 is controlled by inductor L3. 


The reset driver supplies a path for current through winding D of the selection 
switches to reset the cores. Signal RSTKX holds transistor Q8 off allowing transistor 
Q9 to conduct. Diodes CR5, CR6, and CR7 maintain a constant voltage on the base of 
Q9, which provides a constant output current. 


Each selection switch contains a ferrite selection core with four windings, two of 
which are connected to power transistors. Transistor Q3 of the X bottom select 
switch and transistor Q55 of the X top select switch form a path for read current. 
Transistors Q4 and Q56 form a path for write current. In order to generate a current 
on the X selection line, the selection switches and drivers must be energized. 


Transistor Q3 in the bottom select driver conducts, through winding A of core T2, 
only if control signal XBOE is present and signal SETEK is supplied to the set strobe 
driver. Current flowing through the A winding and Q14 changes the state of T2 soa 
current is induced in winding B, which causes transistor Q3 of the bottom selection 
switch to conduct and transistor Q4 to be cut off. In a similar manner another control 
signal XTOE causes Q18 of the top select driver to conduct and transistor Q13 changes 
the state of T28. As T28 switches, transistor Q55 is forced to conduct and transistor 
Q56 is cut off. At the time that transistor Q3 and Q55 are conducting and signal REX 
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is applied to the X read driver, read current flows from +14 volts (through transistor 
3 in the bottom selection switch, the core array, transistor Q55 in the top selection 
switch, and transistor Q12 in the read driver) to 0 vde. 


Generation of a write current is similar to generation of a read current. Signal 
RSTKX enables the reset driver, which allows current to flow through winding D of 
both selection switches. Current through winding D resets cores T2 and T28, which in 
turn induces current in both C windings causing transistors Q4 and Q56 to conduct and 
transistors Q3 and Q55 to cut off. At the same time signal WEX enables the write 
driver. A current path is provided from +14 volts (through transistor 956, the core 
array, transistor Q4, and transistor Q12 in the write driver) to 0 vde. 


The inhibit line drivers prevent the setting of a core in erasable memory when a 
ZERO is to be written into a bit location. In order to address a storage location, 16 
inhibit line drivers are required, one per bit plane. Each driver (figure 4~203) re- 
ceives a +14 volts signal (40017A) when inhibit strobe ZID occurs from memory cycle 
timing, and one bit (GEMO01 through 16) from register G. During the write operation 
ZID initiates a power switching action similar to that of the set strobe driver and +14 
volts are applied to the collectors of transistors Q1 and Q2. If the input from register 
G is a logic ONE, Q1 conducts and inhibits Q2 and Q3. This prevents current from 
flowing through the inhibit line and the addressed core can be switched to the ONE 
state. When the input is a logic ZERO, Q1 is kept off allowing Q2 and Q3 to conduct. 
When transistor Q3 conducts, a path is provided for the inhibit current which prevents 
the switching of the addressed core. 


4-5.8.3.4 Sense Amplifiers. Sixteen sense amplifiers are associated with erasable 
memory. Each sense amplifier (figure 4-204) accepts bipolar signals SAF01 through 
16 and SBFO1 through 16 from the core array sense lines. For simplification only 
circuit 40607 will be discussed. When a core is reset, a current is induced in the 
sense lines and applied to transformer T1 (signals SAFO1 and SBF01). The output of 
Tl is applied to a differential amplifier consisting of transistors Q1 and Q2 (SA1). 
Base bias voltage VZE is applied to the bases of Q1 and Q2 through resistors Rl and 
R2. Transistor Q3 is a constant-current source for the differential amplifier and es- 
tablishes the de operating point. Voltage VXE establishes the bias for transistor Q3. 
The output from the differential amplifier is OR'ed at the bases of a threshold detector 
consisting of Q5 and Q6. The collector of Q2 supplies the base input of Q5, and the 
collector of Q1 supplies the base input of Q6. This produces a single polarity output, 
even though the input waveform is bipolar. The threshold for Q5 and Q6 is set by 
voltage VYE1 which is connected to the emitters of Q5 and Q6. Transistors Q5 and Q6 
can not be switched on unless the base drive exceeds a predetermined level estab- 
lished by VYE1. Sense amplifier output 406011A is fed to the fixed memory sense 
amplifiers by strobing Q4 with signal STROBE from the strobe driver. Signal 4060114, 
in fixed memory sense amplifier circuits, will be applied to a transistor identical to 
emitter follower Ql and out to register G. Signals SAF02 and SBF02 goes through an 
identical operation in SA2 except the output isytrobed through emitter follower Q1 and 
applied directly to register G. Thus, for erasable memory sense amplifier operation, 
register G will receive 8 bits from the sense amplifiers in erasable memory and 8 bits 
from the fixed memory sense amplifiers. 
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Voltages VXE, VYE1, VYE2, and VZE, whicb are required for sense amplifier 
operation, are provided by 2 eonstant voltage source {circuits 40609 and 40610}. 
Base bias voltage VZE is maintained at a constant value by zener diode CR9, diodes 
CR10 and CR11, and resistor R31. Zener diode CR5, diodes CR3 and CR4, and re- 
sistor R23 set the operating polnt for voltage VXZ. The vaiue of VYEI is kept 
relatively constant by diodes CR7, CR8, CR15, and CRi6, and resistors R27 and R37. 
The value of VYE2 is controlled by diodes CR12, CR13, CR14, and CR17 and resistors 
R32 and R38. 


The strobe driver (figure 4-205) receives erasable memory strobe signal SBE 
from the memory cyele timing circuits. The strobe signal is amplified and supplied to 
the appropriate sense amplifiers as signal STROBE. This signal enables data to be 
transferred from the sense ampliflers to the fixed memory sense amplifiers or 
register G. 


Capacitor C1, which is determined at factory final electrical test, adjusts the 
timing of the erasable memory strobe signal. As a result of this change, modules B12 
(erasable memory), B13 (sense amplifier), and B9, B10 (erasable driver) become a 
matched set of modules. The above modules cannot be replaced or interchanged with- 
out repeating the nominal selection procedure performed at factory final electrical 
test. 


STROGE 


a4o7rse 


#In module P/N 2003982-031 and above, R36 is re- 
placed by zenner diode CR18. 


Figure 4-205. Strobe Driver, Erasable 
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4-5.8.4 Fixed Memory Detailed Description. Fixed memory is a nondestructive, 
random~access storage device. Data is wired into fixed memory; therefore, it cannot 
be altered electrically. Fixed memory consists of core ropes, memory cycle timing, 
selection circuits, driver and return circuits, and sense amplifiers. 


4-5.8.4.1 Core Ropes. A core rope is a storage device in which information is stored 
by wiring the cores in a unique manner. There are three core ropes R, S, and T 
{mdoules Bi and B2, B3 and B4, and B5 and B6, respectively) in fixed memory. Each 
core rope module contains four 128-core planes for a total of 512 cores in a rope 
module. 


Each core in a rope module stores twelve 16-bit words. Thus, a total storage 
capacity of 36,864 sixteen bit words is provided by fixed memory. A core is threaded 
or bypassed by set, reset, inhibit, and sense lines {one per bit). In addition, each core 
in fixed memory is threaded by a clear rope signal. The effect of currents passing 
through a core through the set, reset, and inhibit lines is additive. The currents in the 
set lines and the inhibit lines are of opposite polarity; therefore, the set current is 
cancelled by the inhibit current when the currents are time-coincident. Thus, a core 
changes state at set time if none of the inhibit lines threading the core are carrying 
current. When a core changes state, current is induced into all the sense lines 
threading the core. The sense lines bypassing the core receive no current. In this 
manner the sense lines associated with each core receive the same words each time 
the core is set. A core is reset when current flows through the reset line. Also at 
reset time, a 16 bit word is read out of memory by enabling the sense amplifiers. 


if the program in progress is working with fixed memory and it wishes to switch 
operation to erasable memory, such as to compare information, both fixed and erasable 
information may be present on the write lines. To eliminate this, a clear rope signal 
appears when the switching action takes place and prevents further transfer of infor- 
mation out of fixed memory. 


Inhibit signals ILO1 through ILO7 and their complements are sufficient to select 
one core in each plane. A core is selected by inhibiting all but one core in each plane. 
Inhibit signals ILP and ILP ensure that all but the selected core are inhibited by at 
least two signals and thus the noise in the sense lines is reduced. 


Two set lines thread each core rope, and each set line threads all cores of two 
planes in each rope module. Only one set signal is present at set time, and that signal 
is selected by address. 


Four reset lines thread each core rope, and each reset line threads all cores of 
one plane in each rope module. Only one reset signal is present at reset time, and 
that signal is also selected by an address. 


One clear line threads all cores in acore rope. All three clear lines are present 
wben enabled by the clear enable signal from the fixed memory cycle timing circuits. 
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The sense lines threading or bypassing each core are grouped into strands. A 
strand consists of the sense lines necessary to detect one 16-bit word. There are 
12 strands per rope module, for a total of 72 strands in fixed memory. With the ap- 
plication of a module select signal (one of six) and a strand select signal {one of 
twelve) a particular strand {one of seventy two) is selected. 


4-5.8,4.2 Fixed Memory Cycle Timing. Fixed memory cycle timing (figure 4-206) 
consists of several flip-flops and gates which produce the timing signals necessary to 
perform the set, reset, inhibit, and sensing functions in fixed memory. As in erasable 
memory, all the timing pulses are generated in one memory cycle time {11.97 psec). 
A logic ONE in either bit position 11 or 12, or both, indicates that fixed memory is 
addressed. This condition produces rope condition signal ROP. Signal ROP must be 
present to generate all fixed memory timing signals except signal CLROPE which will 
only be present when signal ROP is equal to a logic ONE. 


The waveforms for fixed memory cycle timing are illustrated in figure 4-197. 
At time 8, when slgnals T08 and PHS3 are coincident, signal IHENV is generated. It is 
present until flip-flop 42107-42109 is reset which occurs when signals TO1 and PHS3 
are coincident. Signal IHENV enables the inhibit drivers in the driver and return cir- 
cuits to_allow inhibit current to flow through tbe selected inhibit line. When signals 
T10 and PHS4 are coincident flip-flop 42112-42111 is set and generates the set selector 
enable signal which is used for conditioning the set selector gates. This signal is also 
terminated when signals T01 and PHS3 are coincident. The reset selector enable sig- 
nal is generated when signals TOS and PHS3 are coincident and terminated at time 8. 
lt is used for conditioning the reset selector gates. At time T02 flip-flop 42145-42146 
ls set and generates signal STRGAT which is used for conditioning the strand selector 
gates. It is terminated by signal TO8. When signals T06, PHS4, DV3764, and MP1 are 
coincident, flip-flop 42123-42124 will be set and will generate signal SBF which, in 
turn, will enable the sense amplifiers. Signal SBF is terminated when signals T07 and 
PHS3 are coincident. 


____ When signals ROP and T10 are coincident, FF 42155-42156 will be set and at time 
T02 when signal ROP is a logic ONE, gate 42148 will yield a ONE and set FF 42150- 
42151, which will generate signal CLROPE. At time T03, FF 42155-42156 will be re- 
set, and through gates 42148 and 42149, signal CLROPE will become a logic ZERO; 
FF 42150-42151 is reset by timing signal T06. Thus, signal CLROPE is only gener- 
ated when fixed memory is not being addressed. 


The flip-flops which produce the set selector enable signal and signal IHENV can 
also be reset by signal TIMR from the erasable memory cycle timing circuits. All 
other timing signals can also be reset by signal GOJAM. 


4-5.8.4.3 Selection Circuits. The selection circuits convert the contents of register S 


and the address generator, in the central processor, into the various Signals necessary 
to select the addressed storage location. 
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Figure 4-206. Memory Cycle Timing, Fixed 
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The seven low-order bits (STO1 through ST07) of register S and their complements 
are inverted by the inhibit gates (figure 4-207) and are applied to the inhibit lines 
through driver circuits. The combination of XB, YB, and XT selection signals control 
the generation of the parity inhibit signal (1LP) and its complement (figure 4-207). 
The parity inhibit lines thread the cores, through driver circuits, to reduce noise in 
the sense lines. 


The set and reset selector (figure 4~208) gates signals S08 and S08 from register S 
with signals S09 and S09, also from register S, and tbe set and reset enabling signals 
from fixed memory cycle timing. The various combinations will yield one of two set 
signals (SETAB or SETCD) and one of four reset signals (RESETA, RESETB, RESETC, 
or RESETD}. The selected set and reset signals are applied to their respective set 
and reset lines through driver circuits. 


The strand, module, and rope selector gates (figure 4-209) receive signals S10 and 
Si0 from register S and signals F11 through F16 and their complements from the ad- 
dress generator. Subject to timing signal STRGAT, one of four signals (STR412, 
STR311, STR210, or STR19) will be generated. By combining one of these four signals 
with one of three other signals (STR14, STRS8, or STR912), a single strand (one of 
twelve) will be selected. The module selector gates will generate one of two signals 
(LOMOD or HIMOD) which, along with one of three rope selection signals (ROPER, 
ROPRS, or ROPET), will select one of six modules. The actual selection takes place 
in the strand and module selection circuits. 


Since 72 strands are in fixed memory and 12 strands thread each rope module, a 
selection system is required to select the proper rope module and strand to read out 
data. This selection process is performed by the strand and module selection circuits 
(figure 4-210). Three identical strand selector circuits eacb contain four gates. Each 
gate receives one of four signals (SE19, SE210, SE311 or SE412) and each selector 
circuit receives one of three signals (STR14, STR58, or STR912). This 3 by 4 combi- 
nation selects the proper strand from among 12 possibilities. In addition, there are 
two identical module selector circuits each containing three gates. Each gate receives 
one of three rope selection signals (RPR, RPS, or RPT) and a module selector receives 
either Signal LOMOD or HIMOD. This 2 by 3 combination selects the proper module 
from 6 possibilities. This 6 by 12 combination (module and strand) selects the proper 
strand from the 72 possibilities that make up fixed memory. For simplification, only 
circuits 40611, 40601, 40615, and 40631 are discussed. Assuming STR19 (circuit 
40611} to be a logic ONE, transistor Q7 will conduct which results in signal SE19 
(0 vdc) being applied to the three strand selectors. If signal STR14 (circuit 40601) is 
a logic ONE, transistors Q1 and Q2 will conduct and supply +14 volts to diodes CR2 
through CRS. With signal SE19 a logical ZERO, transistor Q3 conducts and strand 
STRO1 is selected. Thus, STRO1 is applied to the six rope modules (B1 through B6). 
Assuming signal ROPER (circuit 40615) to be a logic ONE, signal RPR (0 vdc) is ap- 
plied to the two module selectors. If signal LOMOD (circuit 40631) is a logic ONE, 
transistors Q8 and Q9 conduct and supply +14 volts to diodes CR8, CR12, and CR16. 
With signal RPR a logic ZERO, transistor Q10 conducts which causes transistor Q11 
to conduct and apply 9 vde as signal MODR1 to module Bl. Thus, a return path is 
provided for strand STRO1 but only in module Bl. Signals RPR, RPS, and RPT are 
also used in the driver and return circuits. 
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4-5.8.4.4 Driver and Return Circuits. The set, reset, and inhibit lines threading or 
bypassing the three ropes are connected in parallel, but return to three separate rope 
return circuits (figure 4-196). Each line is driven by a separate driver circuit and 
all lines which are common to a particular rope are returned to an associated circuit. 
There are 16 inhibit drivers, 2 set drivers, and four reset drivers. 


The 16 inhibit drivers (figure 4-211) are enabled subject to signals IL01 througb 
1L07, ILP, and their complements, and signals 40331A and 40332A (+14 vde). Signal 
40331A (circuit 40331) is generated subject to timing signal IHENV. Input signal 
IHENV turns transistor Q19 on which, in turn, causes transistor Q20 to conduct and 
supply +14 vde to the base of emitter follower Q21. The output of Q@21 (403314) is 
supplied to eight inhibit drivers. Operation of circuit 40332 is identical. Signal 
40332A (+14 vdc) is supplied to the other eight inhibit drivers. For simplification only 
One inhibit driver (circuit 40311) and one inhibit return (circuit 40353) is discussed. 


Assuming signal IL01 (circuit 40311) to be a logic ZERO and assuming signal 
40331A is present, transistor Q13 is cut off by signal ILO1 and transistor Q14 is turned 
On by signal 40331A. Simultaneously, signal RPT (circuit 40353) is a logic ZERO and 
transistor Q9 is turned on, which then turns on emitter follower transistors @Q10 and 
@Q1l and supplies +14 vde to diodes CR23 through CR30. Thus, the operation provides 
a current path from +14 vde (through transistor Q10, diode CR23, core rope T, tran- 
sistor Q14, resistor R29, and inductor L1) to +4 vde. 


The four reset drivers (figure 4-212) are enabled subject to signals RESETA, 
RESETB, RESETC, and RESETD. For simplification, only one reset driver (circuit 
40362) and one reset return (circuit 40351) are discussed. 


Assuming signal RESETA (circuit 40362) to be a logic ONE, transistor Q15 will 
conduct and turn on transistor Q16. Transistor Q16 then turns transistor Q17 and Q18 
On which connects signal XRSTAN to the three core ropes and to three of the six re- 
turn circuits. Signal XRSTAN is connected to the return circuits for reduction of 
noise On the reset lines. Simultaneously, signal RPR (circuit 40351) is a logic ZERO 
and transistor Q1 is turned on whicb then turns on emitter follower transistor Q4 and 
supplies +14 vdc to diodes CR9 and CR10. Thus, the operation provides a current path 
from +14 vde (through transistors Q1 and Q4, diode CR9, core rope R, transistors 
Q17 and Q18, resistors R36 and R37, and inductors L2 and L3) to 0 vde. 


The two set drivers (figure 4~213) are enabled subject to signals SETAB and 
SETCD. The operation of the set circuits and the reset circuits is similar. Set cir- 
cuits 40361 and 40354 function the same as reset circuits 40362 and 40351, respectively. 
One difference exists - a set line (XSETAD or XSETCD) threads two pianes in a par- 
ticular module of each rope. In the reset circuits, one of four reset lines threads only 
one plane in a particular module of each rope. 


The two clear drivers (figure 4-214) are enabled simultaneously by Signal CLROPE. 
The operation of driver circuits 40369 and 40370 is similar to tbeir counterparts in the 
set and reset driver circuits. One difference exists - the collectors of the two output 
transistors are not tied together and therefore only two modules are needed for three 
clear lines. Also, each line threads all cores of both modules and is tied directly to 
+14 volts. 
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Figure 4-207. Inhibit and Parity Gates 
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Figure 4-208. Set and Reset Selector Gates 
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Figure 4-212. Reset Drivers and 
Return Circuits 


Rev. F 4-609/4-610 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


l ie! KSETCO 
@ al gray 


| eee” 
Ae Rs 
200 ato a | 
@: ISK 137 


9 RPA 
AS 231) e14y 


Sercan taza] cA" ie 04 > (OPLMYS) 
® ) t | 
| a5 


ee eee | 
| CORE ROPE R ie | WA = ovoc 

se ; ae oe oe ee 
wre SET DRIVER (CKT 40361) | l | | lan 


+14V 


| ! 
lePLizit © | | | | | 
| CR3T ASS | ——— = > XSETAO 
cra? 1s | | | | | a 
A 227 xSETA 104 103 INTABA 103 SCTAAN 220 +14¥1 8PL MEN) 
| S Vi Og 0 TRS 0 os OO CKT 40351 ist 
| ave © | fl 


2 


oe— FPA 


I 
EX 2519+ 1aV(OPLMYS) 


= 
as 
i 
| 


CORE ROPE S 


| AS! (a ols 
125 200 
Pg SETA © 


| [.. | eel where 
403 404 INTCcOS 403 404 SETCSN iz 
oy oe AST Q ———_——+ CKT 40355 ere 
(403654) I * | | ‘Oe— HFS 
l | ei7 
us 
| 39H 


\ Ee INTABS 104 
———_——o 


218 
Over a 


ae 
i 

| 

(ele! =? 
a 
| 


ry 
o 
rs 
z 
_ 
o 
° 
4 
- 
r=) 
a 


12% 227 xs€cTco 
SETCO® 9 


Gs 
| 
i 
‘S | CKT 40363 | l 
| | 
| 
| 

E 


r=] 
- 


————EE 
eS ee 


440m4 


Figure 4-213. Set Drivers and Return Circuits 
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The clear lines in the fixed memory module run parallel to the set and inhibit 
lines. Mutual coupling could occur and Cause a voltage to be induced on the clear lines 
when the selection lines are switched. To eliminate this possibility, a series resistor 
and diode are placed across each Clear line in fixed memory (R54 and CR56 in figure 
4-214). The polarity of the diode causes the induced voltage to be disslpated in the 
resistor, eliminating any coupling. 


4-5.8.4.5 Sense Amplifiers. Sixteen sense amplifiers are associated with fixed mem- 
ory. These amplifiers operate similar to those in erasable memory. The difference 
occurs in the input circuit (figure 4-215). The inputs to transformers T1 and T2 are 
returned to +14 vde through resistors R1 and R2 to provide a return path for the sense 
lines. Output signals 40601A through 40608A from the SA1's are strobed to the sense 
amplifier output circuits {base of emitter follower Q1) in erasable memory (refer to 
figure 4-204) and become signals SA02, SA04, SA06, SA08, SA10, SA12, SA14, and SA16. 
These signals are then applied to register G. 


Simultaneously output signals SA01, SA03, SA05, SAO07, SAOS, SA11, SA13, and 
SA15 are strobed through the fixed memory sense amplifiers (SA2's) and applied to 
register G. Thus, eight bits of fixed memory information from both the fixed and 
erasable sense amplifiers are applied to register G simultaneously. 


The strobe driver (figure 4-216) receives fixed memory strobe signal SBF from 
the memory cycle timing circuits. The strobe signal is amplified and supplied to the 
fixed memory sense amplifiers as signal STROBE. Thls signal enables data to be 
transferred to the erasable memory sense amplifiers or register G. 


4-5.9 POWER SUPPLY. Power required for operation ofthe computer is provided by two 
mechanically identical and electrically Interchangeable power supplies. Conversion is 
accomplished by tray wiring. The power supply (figure 4-217) consists of a +4 vde 
power supply, +14 vde power supply, standby circuits, and alarm detection circuits. 


4-5.9.1 +4 VDC and +14 VDC Power Supplies Functional Description. The +4 ydce and 
+14 yvde power supplies each Consist of a voltage regulator, power input and output 
circuits, and a standby switching circuit. The voltage outputs (+4 vde and BPLUS) are 
determined by minor circuit changes and sync signals from the timer. 


Primary power of +28 vde (+28 DCB) from the spacecraft electrical power system 
is applied to the power input circuit of the +4 vde power supply, filtered and applied 
to the power output circuit. A second filter supplies output +28 COM to the interface 
circuits of tray A, alarm detection circuits of tray B and the DSKY. A zener diode 
regulator in the power input circuit supplies +9.2 vdc to the voltage regulator. The 
voltage regulator is a parallel regulator which operates on a 50 ke sync signal from the 
timer (SYNC4). SYNC4 triggers a multivibrator circuit in the voltage regulator, 
the output of which is of sufficient duration to provide 4 vde to the power output circuit. 
The 4 vde output is regulated by feedback from the power output circuit to the voltage 
regulator. Input signal CNTRL 1 allows simulated failure of the power supply under 
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control of the CTS during subsystem test. Standby operation, which is initiated by the 
STBY button on the DSKY, allows the computer to conserve power by operating in a low 
power mode. Power supply output +4 SW is disabled during the standby mode of 
operation by signal SBYREL. 


Operation of the +14 volt power supply is identical to the +4 volt power supply 
with the exception that a 100 ke sync signal (SYNC 14) is used instead of 50 ke and the 
power source is +28 DCA instead of +28 DCB. The +14 volt output is regulated by 
feedback of the BPLUS output to the voltage regulator. During standby operation 
power supply output BPLSSW is disabled by signal SBYREL. 


4-5.9.2 Alarm Detection Circuits Functional Description. The alarm detection cir- 
cuits consist of voltage, oscillator, scaler, and double frequency scaler alarm cir- 
cuits, a warning integrator, a memory clamp (MYCLMP) circuit, and associated logic 
circuits. These circuits are included at this time because their operation depends 
directly on the presence of outputs from the power supplies. 


The voltage alarm circuit monitors the +28 COM, BPLUS, and +4 vde outputs and 
generates a signal VFAIL for an out-of-limits condition or complete failure of any one 
of these power supply outputs. Signal VFAIL conditioned by timing signals FO5A and 
F05B, will generate signal STRT1 from the logic circuits, provided it is not inhibited 
by interface signal NHVFAL. Signal STRT1, when applied to priority control, causes 
a GOJAM condition. Simultaneously, if the computer is in the standby mode, an input 
to the warning integrator (FILTIN) is generated. This input is controlled by signal 
STNDBY. 


The oscillator alarm circuit generates signal STRT2 if the computer oscillator (signal 
Q2A) fails or if the computer is in the low power mode (STANDBY). A delay circuit in 
the oscillator alarm assures aGOJAM condition, through STRT2 to priority control, until 
the oscillator starts running during a powerup condition. STRT2 will also cause the 
generation of signal OSCALM from the logic circuits. 


There are two scaler alarm circuits in the computer, scaler alarm and double fre- 
quency scaler alarm. The scaler alarm circuit provides a check on scaler stage suf 
(signal SCAS17 conditioned by signal FS17 from the timer) and generates signal 
SCAFAL should stage 17 fail to produce pulses. Signal SCAFAL generates signals 
AGCWAR and CGCWAR directly from the logic circuits. Signal DOSCAL from the 
CTS is used to test the operation of the scaler alarm via signal SCAS17. Double fre- 
quency scaler alarm generates signal 2FSFAL if the 100 pps scaler stage (signal 
SCAS10 from the logic circuits conditioned by signals FS09, and FS10 from the timer) 
should fail. Signal 2FSFAL provides an input to signal FILTIN which causes signals 
AGCWAR and CGCWAR to be generated from the logic circuits via signal FLTOUT. 
Signal DBLTST from the CTS is used to test the operation of the double frequency 
scaler alarm via signal SCAS10. 
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* In module P/N 2003981-031 and above, R36 is re- 
placed by zenner diode CR18. 


Figure 4-216. Strobe Driver, Fixed 


The warning integrator initiates the generation of warning signals AGCWAR and 
CGCWAR simultaneously from the logic circuits. Input signal FILTIN, conditioned by 
timing signals SB0, SB2, FO8B, and F14B represents restart or counter fail signal 
(DOFILT), voltage fail in the standby mode, alarm test signal (ALTEST), or double 
frequency scaler alarm. 


The MYCLMP circuit output, signal STRT2, inhibits access to memory should 
either power supply be out of its specified limits, fail completely, or be in the low 
power mode. 


The incorporation of a +5 vde source within the alarm detection circuits eliminates 
the need for more semiconductors and components normally used where a reference 
voltage is required such as in the scaler alarm, double frequency scaler alarm, warn- 
ing integrator, and MYCLMP circuits. 


4-5.9.3 Standby Circuits. The standby circuits (figure 4-218) are used for placing the 
CSS in a low power mode to conserve power. The standby mode of operation is initiated 
by entering verb 60 and depressing the STBY key, for a maximum of 1.92 seconds, on 
either DSKY. Verb 60, subsequently causes signals WCH13 and CHWLI11 to be generated, 
and set FF 45138-45139 of module A18 to generate signal ENSTBY as a logical zero. 
The STBY key must be depressed for a maximum of 1.92 seconds because of the period 
between timing signals F17A and F17B, which is approximately 1.3 seconds. When 
depressed, the STBY key applies +28 volts to interface module A25 where it is divided 
by resistors R4 and R5. Signal SBYBUT, which occurs as a logic ONE, is then applied 
to module A18 where it is inverted (45141) and sets FF 45145-45144 through gate 45143 
coincident with timing signal F17A. The reset output of FF 45145-45144 coincident 
with timing signal FI7B in turn sets FF 45142-45146. The output of this flip-flop is 
applied to gates 45152, 45151, and 45149. With signals ENSTBY and GOJAM also at 
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a logic ZERO level, FF 45150-45151 is set by the output of gate 45149. This in turn 
sets FF 45154-45155. The ONE output from gate 45155 is inverted by gates 45153 
and 45156. These two outputs are againinverted and appear as signals SBY and SBYLIT. 
Signal SBY is inverted by gate 42457 and applied as signal SBYREL to the standby 
switching circuits of the +4 and +14 volt power supplies. Signal SBYLIT turns on 
transistor Q2 of interface module A25 and supplies a level of 0 vde to the DSKY display 
indicator circuit for lighting the STBY indicator. Signal ALTEST will also cause the 
STBY indicator to light. 


When the STBY key is released FF's 45145-45144, 45142-45146, and 45150-45151 
are reset. This action does not affect FF 45154-45155. Signal GOJAM also occurs at 
this time. 


To return to normal operation, the STBY key is pressed for a maximum of 1.92 
seconds and then verb 61 is entered. When the STBY key is pressed, FF's 45145-45144, 
and 45142-45146 are set. This enables gates 45149, 45151, and 45152. With signal 
GOJAM a ONE, and FF 45150-45151 reset, gate 45152 generates a ONE which resets 
FF 45154-45155 and causes signais SBY and SBYLIT to revert to ZERO. Verb 61 
causes signal CCH13 to be generated which then resets FF 45138-45139. 


4-5.9.4 +4 VDC Power Supply Detailed Description. The +4 vde power supply consists 


of a power input circuit, voltage regulator, power output circuit, and standby switching 
circuit. 


The +4 vde power supply, P/N 2003953-021, is illustrated in figure 4-219. The +4 
vde power supply, P/N 2003887-011, is illustrated in figure 4-219A. The differences 
between these two configurations, which occur in the power input circuit and the 
standby switching circuit, are as follows: 


1) The +4 vde power supply, P/N 2003953-021, contains a regulated power supply 
(consisting of stages Q17 and @Q18 and associated components) which was formerly 
used to provide approximately 26.5 volts to the DSKY. These components are shorted 
out by a jumper on the tray A wire assembly (pin 144 to 145), 


In the +4 vde power supply, P/N 2003887-011, the DSKY regulator components are 
removed. 


2) The value of resistor R43 in P/N 2003887-011 is changed to 2.2K. This change 
compensates for loss of margin under worst case low margin operation. 
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Primary power of +28 vdc B (WD168) from the spacecraft is applied through diode 
CR10 and inductor L3 to two filter networks and two regulator circuits of the power 
input circuit. The first filter network (C19-22) supplies output +28 COM to the alarm 
detection circuits. The second filter network (C8-C12, L2) supplies +28 vdc to the 
power output circuit. 28 vde is routed through resistor R39, zener diode CR7, and 
emitter follower Q14 to supply 9.2 vde for powering the voltage regulator circuit. 


Transistor Q1 in the voltage regulator circuit is a differential amplifier which acts 
as a regulating device on the free running multivibrator circuit consisting of transis- 
tors Q@6 and Q7. Zener diode CR1 and its associated circuitry establish a constant 
voltage reference at the base of Q1iA. A portion of the +4 vdc output from the power 
supply is fed back to the base of Q1B. Resistor R13 is shunted by tray wiring to es- 
tablisb the reference level. Any difference between the reference voltage applied to 
the base of Q1A and the feedback voltage applied to the base of Q1B affects the pulse 
width output of the multivibrator, via transistor Q2, and opposes any change in the 
+4 vde output. Input CNTRL 1, from the CTS, is applied to the base of Q1B and allows 
simulated failure of the +4 vdc power supply during subsystem test. Input W-3910, 
from automatic checkout equipment (ACE), is applied to the base of Q1A and allows 
simulated failure of the +4 vde power supply during spacecrafttest. This signal may 
also be used during subsystem test by the CTS. 
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Figure 4-217. Power Supply Functional Diagram 
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Input signal SYNC4 (50 ke) is applied to the sync circuits (Q3, Q4, and Q5) and 
fixes the frequency of the output pulses from the free running multivibrator. The 
level of the +4 vde regulator output, from Q8, is established by resistor R2 and by 
shunting out resistors R13, R20 and R30. 


The regulator output pulses are applied to transistor power amplifier drivers Q9, 
Q10, and Q11 of the power output circuit. The output of these parallel transistors is 
fed through power amplifier Q12, filtered (C13-C15 and L1), and applied to output 
transistor Q13. Resistors R37 and R38 are connected in parallel by tray wiring for 
the +4 vde power supply. The output of Q13 is the +4 vde power supply output. The 
output of +4 vde is also applied from charging network C16-C18 to the standby switch- 
ing circuit. 


The standby mode, which is used to conserve power, is controlled by the STBY 
pushbutton onthe DSKY. In the +4 yde power supply shown in figures 4-219 and 4-219A 
(P/N 2003953 and P/N 2003887), pressing the STBY pushbutton causes signal SBYREL 
to turn off transistor Q15 in the standby switching circuit, which causes transistor Q16 
to turn on. This action energizes relay K1 and disables output +45W. The voltage 
output BPLUS from the +14 vde power supply energizes the coil of K1, With output 
signal +4SW disabled during the standby mode, the only computer circuits operating 
are the power supplies (outputs +4 vde and BPLUS), oscillator, interface, and the 
sealer and clock divider circuits. These circuits are necessary for keeping track 
of real time and supplying synchronization signals to other spacecraft systems. 


A portion of the +4 vde power supply, P/N 2003892, is illustrated in figure 4-219B. 
This power supply configuration is identical to the configuration described above 
except for the standby switching circuit. In figure 4-219B, transistor Q17, resistors 
R48 and R49, and capacitor C25 are added to the circuit. These components delay 
the +4SW output with respect to BPLSSW when entering or leaving the standby mode. 
The combination of R48 and C25 provides the necessary delay for the +4SW signal 
when entering standby. This action, illustrated in tigure4-219C, prevents undesirable 
transients and signal dropout to the power supply sync logic. An additional output in 
this power supply configuration, +4SWB, provides a small bias for the switched loads 
ontray A during standby to minimize the overloading of the inputs signals to the sync logic. 


Power distribution for tray A is shown intable 4-XCIX, 


4-5.9.5 +14 VDC Power Supply Detailed Description. The +14 vdc power supply con- 
figurations are illustrated in figures 4-220, 4-220A, and 4-220B, Operation of this 
power supply is identical tothat of the +4 vde power supply with the following exceptions: 


1) The level of the regulator circuit output is established by resistor R1 and by 
shunting resistor R15, 


2) Inputs W-911 and CNTRL 2 allow simulated failure of the +14 vde power supply 
during test. 


3) Input SYNC14 (100 ke) fixes the frequency of the output pulses from the free 
running multivibrator. 


4) In the +14 vde power supply, P/N 2003892, resistor R48 is not connected. 
Capacitor C25 is connected between the base of Q15 and the 0 vde line. 
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4~5.9.6 Alarm Detection Circuits Detailed Description. The alarm detection circuits 
{figure 4-221) monitor the outputs of the power supply, oscillator, scaler, and priority 
control and generate a restart, failure, caution, or warning signal if any of the outputs 
should fail. 


The voltage alarm circuit consists of a constant current source (Q1 and Q2), volt- 
age divider (R11 thru R19), five differential amplifiers (Q3 thru Q7), and output tran- 
sistors (Q8 thru Q10). The +28 COM input from both the +4 and +14 volt power supplies 
is applied to parallel transistors Q1 and Q2 where a constant current source is estab- 
lished. Zener diodes CR4 and CRé in the collector circuit of Q2 supply +12.4 volts as 
a reference voltage to the voltage divider and differential amplifiers. Capacitor Cl 
acts as a storage device and is capable of powering the voltage alarm for a short pe~ 
riod of time should the +28 volt supply fail abruptly or decay rapidly. The +28 COM 
input is also filtered by R3, R4, RS and C4 and applied to detector Q7. Normally, Q7A 
is off, Q7B is on, and output transistor Q10 is off. If the +28 COM input should de- 
crease below approximately +18 volts, Q7A will conduct, turn transistor Q10 on and 
generate output VFAIL. Similar operation occurs for the +4 and +14 volt detector 
circuits. BPLUS is divided and filtered (R1, R7, and C2) before being applied to de- 
tectors Q3 and Q4. Transistors Q3 and Q4 are the high and low limit detectors re- 
spectively for the +14 volt power supply. If the +14 volt power supply measures ap- 
proximately +16 volts Q3A will conduct, turn on transistor Q8 and generate VF AIL. 
If the +14 volts decreases to approximately +12 volts Q4A will conduct, turn on tran- 
sistor Q9 and generate VFAIL. +4 vdc is filtered by R2 and C3 before being applied to 
detectors Q5 and Q6. Transistors Q5 and Q6 are the high and low limit detectors re~ 
spectively for the +4 volt power supply. If the +4 volt power supply increases to ap~ 
proximately +4.5 volts, transistor Q5A will conduct, turn on transistor Q8 and generate 
VFAIL. If the +4 volt input decreases to approximately 3.5 volts transistor Q6A will 
conduct, turn on transistor Q9 and generate VFAIL. Signal VFAIL is applied to the 
voltage alarm circuit where it will generate signal STRT1, subject to timing signals 
FO5A and F05B and if not inhibited by interface signal NHVFAL. Signal STRT1, when 
applied to priority control, causes signal GOJAM. 


The oscillator alarm inputs are a 1.024 megacycle square wave (Q2A) from the 
timer and +14 volts (BPLSSW), +4 volts (+4SW) and BPLUS from the power supply. 
Normally, transistors Q12, Q16, and Q17 are off, Q13, Q14, and Q15 are on, and C7 
is fully charged to +14 volts. If Q2A, +4SW, or BPLSSW is not present, Q12 is turned 
on and C7 discharges. Transistors Q13, Q14, and Q15 are off; transistors Q16 and Q17 
are on, generating signal STRT2. However, because of the time it takes for the alarm 
circuit to recover (approximately 250 milliseconds), erasable memory information 
may be lost as it comes out ofstandby. Therefore, positive feedback from the collector 
of Q17 to the base of Q16 is used to provide instant switching. When the inputs are all 
present again it will take approximately 250 milliseconds for the complete circuit to 
be operable. This is accomplished by the time it takes to change capacitor C7. The 
same situation occurs when the computer is initially turned on or when the computer 
is switched from standby to operate. Signal STRT2, when applied to priority control, 
causes signal GOJAM. Signal STRT2, when applied to the oscillator alarm logic cir- 
cuit in module Al3, causes signal OSCALM to be generated and applied to input- 
output. Signal CCH33 from input-output is a clear signal for flip-flop 41232-41233. 


The +5 vde voltage source provides a reference voltage to the detector circuits in 


the scaler alarm, double frequency scaler alarm, warning integrator, and MYCLMP 
circuits. 
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The scaler alarm circuit receives input FS17 (0.78125 pps) from the timer and 
produces signalSCAS17 from logic gate 32258. Signal DOSCAL, from theCTS, is used for 
testing the scaler alarm circuit. Normally transistor Q18 is on, and transistors Q19 and 
Q20 areoff. The voltage present inparallel capacitors C9 and C13 is less than the turnon 
voltage required for Q22; therefore, transistors Q21, Q22, and Q23 are off and signal 
SCAFA Lis approximately 0 vde. If the scaler should fail, transistor Q18 is turned off, and 
the signal at its collector is differentiated by C8 andR70 and fedto Q20. Transistor Q20 is 
turned on, which turns Q19 on and supplies the base drive required to keep Q20 on. 
Transistor Q21 is on and supplies the drive necessary to turn Q220n. Reference 
voltage (+5 VDC) is supplied through CR6 and Q22, and applied to Q21 and Q23 where it 
clamps Q21 on, turns Q23 on and generates signal SCAFAL to a logic circuit which in 
turn will generate a warning signal to the DSKY and input~output. 


The double frequency scaler alarm monitors signal SCAS10 (100 pps) from its 
logic circuit in module A3. However, signal SCAS10 is not equal in duty cycle to FS10. 
Signal SCAS10 has a 25% duty cycle generated as a result of combining signals FS09 
and FS10 from the timer. Signal CON 2 from module A3 is applied to warning filter 
module A13 where, when combined with signal FS10, will generate signal CON 3. Thus, 
signal SCAS10 is equal to signal CON 3. Signal DBLTST, from the CTS, is used for 
testing the double frequency scaler alarm circuit. Transistors Q35, Q37, and Q38 are 
normally on and Q36 is normally off. When transistor Q34 is on a negative going 
transition will be coupled through capacitor C14. This transition will be routed 
through Q37 and Q38. The pulse width of this change is determined by time constant 
C14 and R119. The output of Q38 is supplied as signal 2FSFAL to the warning filter 
where it is compared with signal CON 3 at the input of gate 41243. Normally gate 
41243 yields a ZERO as its output. However, if signal SCAS10 increases to approxi- 
mately 200 pps, the output will be a series of ONE's. 


The MYCLMP circuit operates identical to that of a voltage alarm circuit. The 
differential amplifier Q24 has reference voltage (+5 vdc) applied to one side (Q23B) 
and +4SW applied to the other side (Q24A). Normally transistor Q25 is off and output 
signal MYCLMP is approximately 0 vde. Hf the +4 volt power supply should fail or the 
computer is put into the standby mode, the +4SW is decreased to 0 vde and Q24A cuts 
off. Q24B then conducts causing Q25 to turn on and generate signal STRT2 to 
memory where it inhibits any access to the memory circuits. 

The warning filter performs logic gating for the following inputs: 

(1) VFAIL and STNDBY. 

(2) 2FSFAL, 

(3) DOFILT, 


(4) ALTEST. 
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Any one of the above conditions sets flip-flop 41211-41212. The flip-flop output is 
applied through gate 41213 and in turn sets flip-flop 41214-41215, subject to timing sig- 
nals SBO and F14B. The output of flip-flop 41214-41215, FILTIN, is applied to the 
warning integrator. All occurrences of these input conditions are stretched so that no 
more than one input to the warning integrator is generated in each 160 millisecond 
period. This is controlled by timing signal F14B. Thus, the output signal FILTIN 
has a maximum rate of 6 pps. 


Each of the pulse inputs to the warning integrator has a duration of 1.125 milli- 
seconds, and because of this the warning integrator will not receive an input pulse 
each time a restart is called for by the computer. Normally transistors Q28 through 
Q33, with the exception of Q30B, are off. A positive pulse turns on transistor Q28 
which will turn on constant current source Q29 and supply a charge to capacitor C12. 
Resistor R97 controls the amount of charge. This charge will add a voltage step to C12. 
When five successive pulses are received it will cause the voltage on C12 to overcome 
the threshold voltage (approximately +4 volts) of Q30A. Turning Q30A on will turn @21, 
Q32, and Q33 on which will make the detector regenerative. Signal FLTOUT will 
remain high as an output as long as pulses are forthcoming. However, if only the above 
occurs it would take approximately five seconds for C12 to discharge througb R100. 
Thus, signal FLTOUT is present for approximately 5 seconds. Resistor R124 assures 
that C12 will not be charged, through transistor parameter action, due to high 
temperatures. 


Signal FLTOUT from the warning integrator and signal SCAFAL from the scaler 
alarm are applied to gates 41222 through 41224 and flip-flop 41225-41226 where, if 
either or both is high, signals MSCAFL, MWARNF, LGCWAR, and AGCWAR will be 
generated. Signal CCH33 is a clear signal for flip-flop 41225-41226. 


If the IMU stable member temperature exceeds its design limits signal TEMPIN 
conditioned by signal TMPOUT will generate signal TMPCAU. 


All AGC alarms are inhibited during the standby mode with the exception of 
AGCWAR and CGCWAR, which can be caused by a voltage fail or scaler fail, and 
TMPCAU, which is caused by an IMU temperature alarm. 
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Table 4-XCIX. Power Distribution 


Distribution 


Al To pin G and unused inputs 
of 38100 and 38200 series 
gates. 


To pin G and unused inputs 
of 38300 and 38400 series 
gates. 


To pin V of 38100 and 
38200 series gates except 
those gates tied to FAP 

pin (234). 


To pin V of 38300 and 
38400 series gates except 
those gates tied to FAP 

pin (338). 


136, 160, 
212, 236, 260 


To pin G and unused inputs 
to 37100 and 37200 series 
gates. 


336, 360, 
412, 436, 460 


To pin G and unused inputs 
of 37300 and 37400 series 
gates. 


150, 222, To pin V of 37100 and 
37200 series gates except 
those gates tied to FAP 


pin (144), 


348, 424, To pin V of 37300 and 
37400 series gates except 
those gates tied to FAP 


pin (445). 
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Table 4~XCIX. Power Distribution 
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Distribution 


To pin G and unused inputs 
of 30000 and 30100 series 


gates. 


To pin G and unused inputs 
of 30300 and 30400 series 


gates. 


To pin V of 30000 and 
30100 series gates except 
those gates tied to FAP 
pin (247). 


To pin V of 30300 and 


30400 series gates except 


those gates tied to FAP 
pin (409). 


To pin G and unused inputs 
of 36100 and 36200 series 


gates. 


To pin G and unused inputs 
of 36300 and 36400 series 


gates. 
To pin V of 36100 and 


36200 series gates except 


those gates tied to FAP 
pin (135). 


To pin V of 36300 and 


36400 series gates except 


those gates tied to FAP 
Pin (337). 
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Table 4-XCIX. Power Distribution 


To pin G and unused inputs 
of 39100 and 39200 series 
gates. 


A5 


To pin G and unused inputs 
of 39300 and 39400 series 
fates. 


To pin V of 39100 and 
39200 series gates except 
those gates tied to FAP 

pin (145). 


To pin V of 39300 and 
39400 series gates except 
those gates tied to FAP 

pin (447). 


To pin G and unused inputs 
of 40100 and 40200 series 
gates. 


To pin G and unused inputs 
of 40300 and 40400 series 
gates. 


To pin V of 40100 and 
40200 series gates except 
those gates tied to FAP 

pin (232). 


To pin V of 40300 and 
40400 series gates except 
those gates tied to FAP 

pin (440). 


{Sheet 3 of 12) 


Rev. F 4-639 


ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM a 


Table 4-XCIX. Power Distribution & 


To pin G and unused inputs é 
of 33100 and 33200 series 
gates. 


To pin G and unused inputs 
of 33300 and 33400 series 
gates. 


To pin V of 33100 and 
33200 series gates except 
those gates tied to FAP 
pin (237). 


To pin V of 33300 and € 
33400 series gates except 

those gates tied to FAP 

pin (337). 


To pin G and unused inputs 
of 51100 and 51200 series 
gates. 


To pin G and unused inputs 
of 51300 and 51400 series 
gates. 


To pin V of 51100 and 6 
51200 series gates except 

those gates tied to FAP 

pin (157). 


To pin V of 51300 and 
51400 series gates except ¢: 
those gates tied to FAP 

pin (427). 
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Table 4-XCIX. Power Distribution 


Distribution 


To pin G and unused inputs 
of 52100 and 52200 series 
gates. 


112, 136, 160, 
236, 260 


> 336, 
412, 436, 


360, 
460 


To pin G and unused inputs 
of 52300 and 52400 series 
gates. 


, 148, 224, To pin V of 52100 and 
52200 series gates except 
those gates tied to FAP 


pin (157). 


To pin V of 52300 and 
52400 series gates except 
those gates tied to FAP 

pin (427). 


To pin G and unused inputs 
of 53100 and 53200 series 
gates. 


To pin G and unused inputs 
of 53300 and 53400 series 
gates. 


To pin V of 53100 and 
53200 series gates except 
those gates tied to FAP 

pin (157). 


To pin V of 53300 and 
53400 series gates except 
those gates tied to FAP 

pin (427). 
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Table 4-XCIX. Power Distribution 


Distribution 


To pin G and unused inputs 
of 54100 and 54200 series 
gates. 


136, 160, 
236, 260 


To pin G and unused inputs 
of 54300 and 54400 series 
gates. 


336, 360, 
436, 460 


148, 224, To pin V of 54100 and 
54200 series gates except 
those gates tied to FAP 


pin (157). 


To pin V of 54300 and 
54400 series gates except 
those gates tied to FAP 

pin (427). 


To pin G and unused inputs 
of 34100 and 34200 series 
gates. 


To pin G and unused inputs 
of 34800 and 34400 series 
gates. 


To pin V of 34100 and 
34200 series gates except 
those gates tied to FAP 

pin (237). 


To pin V of 34300 and 
34400 series gates except 
those gates tied to FAP 

pin (431). 
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a 
& 136, 160, To pin G and unused input 


” 236, 260 of 41100 and 41200 series 
gates. 


250 To pin V of 41200 series 
gates except those gates 
tied to FAP pin (218). 


To pin V of 41100 series 
gates except those gates 
tied to FAP pin (213). 


2 136, 160, To pin G and unused inputs 
236, 260 of 42100 and 42200 series 
gates. 


, 306, 360, To pin G and unused inputs 
» 4386, 460 of 42300 and 42400 series 
gates. 


, 148, 224, To pin V of 42100 and 
42200 series gates except 
those gates tied to FAP 
pin (243). 


bY ; ; ; To pin V of 42300 and 
42400 series gates except 
those gates tied to FAP 
pin (333). 
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Table 4~XCIX. Power Distribution 


112, 136, 160, 
212, 236, 260 


Al5 


To pin G and unused inputs 
of 35100 and 35200 series 
gates. 


312, 
412, 


336, 
436, 460 


To pin G and unused inputs 
of 35300 and 35400 series 
gates. 


124, 
248 


148, To pin V of 35100 and 
35200 series gates except 
those gates tied to FAP 


pin (257). 


To pin V of 35300 and 
35400 series gates except 
those gates tied to FAP 

pin (430). 


To pin G and unused inputs 
of 43100 and 43200 series 
gates. 


To pin G and unused inputs 
of 43300 and 43400 series 
gates. 


To pin V of 43100 and 
43200 series gates except 
those gates tied to FAP 

pin (132 and 239). 


To pin V of 43300 and 
43400 series gates except 
those gates tied to FAP 

pin (435). 
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Table 4-XCIX. Power Distribution 


Voltage Distribution | 


To pin G and unused inputs 
of 44100 and 44200 series 
gates. 


To pin G and unused inputs 
of 44300 and 44400 series 
gates. 


To pin V of 44100 and 
44200 series gates except 
those gates tied to FAP 

pin (234). 


To pin V of 44300 and 
44400 series gates except 
those gates tied to FAP 


0 VDCA To pin G and unused inputs 
of 45100 and 45200 series 


gates. 


0 YVDCA To pin G and unused inputs 
of 45300 and 45400 series 


gates. 


+4 VDC To pin V of gates 45137 
through 45157, 45159, 


45261, and 45262. 


+4 SW To pin V of 45100 and 
45200 series gates except 
those gates tied to FAP 


pin (233) or +4 VDC. 


+4 SW To pin V of 45300 and 
45400 series gates except 
those gates tied to FAP 


pin (433). 
(Sheet 9 of 12) 
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Table 4-XCIX. Power Distribution 


112, 136, 160, To pin G and unused inputs 

212, 236, 260 of 46100 and 46200 series 
gates. 

312, 336, 360, To pin G and unused inputs 

412, 436, 460 of 46300 and 46400 series 
gates. 

124, 148, 224, To pin V of 46100 and 

248 46200 series gates except 
those gates tied to FAP 
pin (252). 

324, 348, To pin V of 46300 and 

448 46400 series gates except 
those gates tied to FAP 
pin (437). 


Hi} BTS. A To pin G and unused inputs 
PB VAe Peele of 31100 and 31200 series 
gates. 


312, 336, ; To pin G and unused inputs 
412, 436, of 31300 and 31400 series 
gates. 


124, 148, To pin V of 31100 and 

248 31200 series gates except 
those gates tied to FAP 
pin (246). 


324, 348, To pin V of 31300 and 

448 31400 series gates except 
those gates tied to FAP 
pin (445). 
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Table 4-XCIX. Power Distribution 
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Distribution 


To pin G and unused inputs 
of 32000 and 32200 series 
gates, 


To pin G and unused inputs 
of 32500 and 32600 series 
gates. 


To pin V of 32000 series 
gates except those gates 
tied to FAP pin (237). 


To pin V of 32500 and 
32600 series gates except 
those gates tied to FAP 
pin (454). 


To pin G and unused inputs 
of 47100 and 47200 series 
gates. 


To pin G and unused inputs 
of 47300 and 47400 series 
gates. 


To pin V of gates 47227 
and 47256. 


To pin V of 47100 and 
47200 series gates except 
those gates tied to FAP 
pin (269) or +4 VDC. 


To pin V of 47300 and 
47400 series gates except 
those gates tied to FAP 
pin (332). 
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Table 4-XCLX. Power Distribution 


A23 To pin G and unused inputs 
of 48100 and 48200 series 
gates. 


136, 160, 
236, 260 


336, 360, 
436, 460 


To pin G and unused inputs 
of 48300 and 48400 series 
gates. 


148, 224, To pin V of 48100 and 
48200 series gates except 
those gates tied to FAP 


pin (126). 


To pin V of 48300 and 
48400 series gates except 
those gates tied to FAP 

pin (355). 


To pin G and unused inputs 
of 49100 and 49200 series 
gates. 


To pin G and unused inputs 
of 49300 and 49400 series 
gates. 


To pin V of gates 49201 
through 49234 and 49255. 


To pin V of 49100 and 
49200 series gates except 
those gates tied to FAP 

pin (127). 


To pin V of 49300 and 
49400 series gates except 
those gates tied to FAP 

pin (339). 
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4-5.10 DISPLAY AND KEYBOARD (DSKY)}. 


The DSKY provides a means of communicating with the computer. It allows the 
operator to load information into the computer, request information, initiate various 
programs stored in memory, and perform tests on the computer and other subsystems 
of the PGNCS system. The DSKY also provides an indication of status and caution 
changes which may occur within the computer. 


The LGC has one DSKY located on the front wall of the LEM cabin. The CMC has 
two associated DSKY's - one is mounted on the main display and control panel (main 
DSKY) in the lower equipment bay of the command module, the second is mounted on 
the navigation display and control panel (navigation DSKY). All three DSKY's are 
electrically identical. As such, the two in the command module are interchangeable. 


4-5.10.1 DSKY Functional Description. The DSKY (figure 4-222) consists of a key~ 
board, power supply, decoder, relay matrix, status and caution circuits, and displays. 


The keyboard contains the key controls with which the astronaut operates the 
DSKY. Each of the key controls is illuminated by 115 vac at 400 cps. Inputs to the 
computer initiated from the keyboard are processed by the program. The results are 
supplied to either the decoder and relay matrix or the status and caution circuits for 
display. Each key when pressed, with the exception of STBY, will produce a 5 bit 
code. The keycode is entered into the computer and initiates an interrupt to allow 
the data to be accepted. The key reset signal (+28 volts) is generated each time a key 
is released, the signal conditions the computer to accept another keycode. The reset 
code and reset signal (+28 volts) is used when the operator wishes to extinguish 
certain display indicators. lt also allows a check to determine whether a particular 
indication is transient or permanent. The clear code is used when the operator wishes 
to clear displayed sign and digit information. Key release turns the control of displaying 
information on the DSKY over to the computer. The standby signal (+28 volts) initiates 
placing the computer into the standby mode and into the operate mode when pressed a 
second time. 


The power supply utilizes +28 volts and +14 volts from the computer power supply 
and an 800-cps sync signalfrom the timer to generate a 250 vac, 800 cps display voltage. 
The display voltage is applied to the displays through the relay matrix and status and 
caution circuits, 


The decoder receives a four hit relay word (bits 12 through 15) from channel 10 
in the computer. The decoded relay word, in conjunction with relay hits 1 through 11 
from channel 10, energizes specific relays in the matrix. The relays are energized 
by the coincidence of two signals: a selection signal from the diode matrix in the de- 
coder which produces a row selection signal and relay hits which produce column 
selection signals. Relay selection allows the display voltage (250 vac) from the DSKY 
power supply to be routed to the proper sign and digit indicators. Relay selection also 
allows the alarm common (0 vdc) or +5 volts from the PGNCS system or the spacecraft 
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to be routed through the relay to one of the following: PGNCS system (caution signals), 
the spacecraft (caution signals), or proper status and caution indicators. The PGNCS 
caution signals from the relay matrix, represented by 0 vdc, are PGNS CAUTION, 
TRACKER, and GIMBAL LOCK. The status and caution indicators, illuminated by the 
+5 volts are: PROG, TRACKER, GIMBAL LOCK, and NO ATT. All relays associated 
with the relay matrix are latching type relays. 


The status and caution circuits receive all status and caution signals from the 
computer. Each signal is applied to a driver circuit and associated relay. When a relay 
is energized, it allows the voltage from the DSKY power supply {250 yac), or +5 volts 
or 0 vde from the PGNCS or spacecraft to be routed to the proper display indicators 
or equipment. The voltage from the power supply is routed through a relay to the 
computer activity indicator (COMP ACTY}). The +5 volts is routed through relays to the 
following status and caution indicators: UPLINK ACTY, RESTART, OPRERR, KEY REL, 
and TEMP. 


The LGC status and caution signals, represented by 0 vde or an open circuit, are 
ISS WARNING, STBY, LRDR POS CMD, RR AUTO TRACK ENABLE, LGC WARNING, 
and PGNS CAUTION. 


In the CMC, the status and caution signals, represented by 0 vde or an open circuit, 
are 1SS WARNING, STBY, SIVB 1NJ. SEQ START, SIVB CUT-OFF, CMC WARNING, 
and PGNS - G/N CAUTION. 


All relays associated with the status and caution circuits are non-latching. 


The displays consist of sign and digital (operational and data display) and status 
and caution indicators. The sign and digital indicators allow the astronaut to observe 
the data entered or requested from the keyboard. The status and caution indicators 
present an indication of any variance from certain normal operations. 


4-5.10.2 DSKY Detailed Description. The DSKY consists of a keyboard and display 
section, decoder, relay matrix, status and caution circuits. and power supply. 


4~5.10.2.1 Keybord and Display. The keyboard section (figure 4-223) contains 10 

digit keys (0 through 9) and 9 operational keys (VERB, NOUN, CLR, PRO, KEY REL, 
ENTR, RESET, +, and -). Except for operational key PRO, all of the keys, when 
pressed, generate different five-bit binary keycode which is applied to an input channel 
of the input-output section. In the LGC, the keycode is applied to channel 15 of the 
input/output section. In the CMC, the keycode from the main DSKY is applied to channel 
15; the keycode from the navigation DSKY is applied to channel 16. The keycodes are 
shown beside their respective keys on figure 4-223. The PRO key, when pressed, 
generates +28 volts through key contacts to the standby circuits in the computer. This 
key is also used to allow the program to proceed without data in lieu of entering VERB 
33. Each of the 18 keys is illuminated by 115 vac, 400 cps from the spacecraft. 
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Figure 4-222. DSKY Functional Diagram 
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NOUN ~ DISPLAY 
REGISTER 5 (REG 5} 


OISPLAY REGISTER 1 
(REG 1) 


DISPLAY REGISTER 2 
(REG 2) 


DISPLAY REGISTER 3 
(REG 3} 


409798 


» Figure 4-223. Keyboard and Display Front Panel 


The key contacts (figure 4-224) are connected in series to ensure that only one 
keycode will be produced at one time. The binary keycode is produced by applying 
5 +28 volts through the key contacts to a diode network. The keycode initiates a program 
interruption (KEYRUPT) in the computer. When a key is released, signal KEYRST 
resets the input channel, thus clearing it for the acceptance of another keycode. A key 
must be released before another key is pressed to have information processed by 
the computer. 
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The display section (figure 4-223) contains 24 digit displays (21 for numerlcal 
and 3 for sign) and 15 indicators (spare included). The 24 digit displays (DS1 except 
COMP ACTY) and 15 indicators (DS2 plus COMP ACTY) are arranged as shown in 
figure 4-223. The displays and indicators are luminescent-coated-glass assemblies 
which glow when a voltage is applied to the coating. The displays (digit and Sign) are 
Segmented, and a display voltage of 250 vac from the DSKY power supply is applied 
to each segment through contacts in the relay matrix, The indicators are made in one 
piece. Except for COMP ACTY which receives 250 vac, all the indicators receive a 
display voltage of +5 volts from the spacecraft through relay contacts. The brightness 
of certain displays (digit, sign, and COMP ACTY) varies as a function of the voltage 
and frequency applied to the coating. The voltage can be varied using the brightness 
control on the astronauts control panel in the PGNCS, The operating controls and 
indicators, and their functions, are listed in table 3-VIII. 


The standard procedure for communicating with the computer is to press seven 
keys in the following sequence; VERB=-DIGIT-DIGIT, NOUN-DIGIT-DIGIT, and ENTR. 


Pressing the VERB key on the keyboard clears the VERB displays on the display 
and indicators. The two digits punched in next are interpreted as a VERB code and 
displayed in the VERB section. This same operation occurs using the NOUN and two 
digits, The operation of the VERB-NOUN code is not initiated in the computer until 
key ENTR is pressed. If an error is noticed in either the VERB or NOUN before 
ENTR is pressed, it may be corrected by repunching either the VERB or NOUN key 
and the correct code. 


If the VERB~NOUN combination punched in requires additional data to be furnished 
by the operator, the VERB and NOUN displays flash once every 1.5 seconds after the 
ENTR key has been pressed. The flashing indicates that the operator should punch~in 
the required data on the keyboard. After punching in the required data and the ENTR 
key, the flashing ceases. 


Octal and decimal data words can be punched in. The computer assumes that an 
octal data word will be entered if a sign key (+ or ~) is not pressed. If digit key 8 or 9 
is pressed while loading an octal data word, indicator OPR ERR flashes once every 
1.5 seconds. Whenever key (+) or key (~) is pressed, the corresponding signal is 
displayed and the computer assumes that a decimal word is to be entered. If an error is 
noticed while punching in either octal or decimal data, the CLR key can be pressed and 
the correct entry can be made if the ENTR key has not been pressed, All data words 
entered must be either octal or decimal; combinations of octal and decimal are not per- 
mitted. 

To eliminate the flashing of indicator OPR ERR due to irregular keyboard entrys, 
key RSET must be pressed. In addition to the keycode, a hard wired Signal (+28 vde) 
is applied to the computer. Both the keycode and hard wire signal extinguish the status 
indicator OPR ERR as well as the five caution indicators: TEMP, GIMBAL LOCK, 
PROG, RESTART, and TRACKER. Thus, key RSET may also be used to test for the 
presence of a continuous caution rather than a transient caution condition. 


4~5.10,2.2 Decoder. The decoder (figure 4-225) contains four relay word drivers 
(circuits 002 and 003 make up one driver), a diode matrix, and 12 row select drivers. 
The relay word drivers receive bits 15 through 12 of channel 10. Combinations of these 
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4 blts select 1 of 12 rows of relays in the relay matrix. The 12 code combinations 
from channel 10, are shown beside their particular row selection number on figure 4-225, 
For simplification only the selection of row 1 is discussed. The code for row 1 selec~ 
tion (0001) is inverted in the interface circuits (A25) and applied to DSKY connector J9 
as signals CE228 through CE225. To identify row 1, signals CE228 through CE226 are 
logic ONE's and signal CE225 is a logic ZERO. A logic ONE shuts transistor Q1 off, 
which holds transistor Q2 off and allows transistor Q3 to conduct. Therefore, the X 
outputs of circuits controlled by signals CE228 through CE226 are logic ONE's, and 
the Y output of the circuit controlled by signal CE225 is a logic ONE. 


The diode matrix receives the 8~bit output from the four relay word drivers. The 
matrix is wired so each 8-bit input produces a logic ONE on only one output line to the 
word drivers. For row 1 selection, diode CR53 of modules D2, D3, and D4, and diode 
CR63 of module D5 must be reverse biased. When these diodes are not conducting, 
row select driver circuit 004 on module D1 is activated. A current path is provided 
from +28 volts of the row selection driver voltage source (through transistor Q1, R8 of 
CKT 004, CR44, R9) to 0 vde. Thus, parallel transistors Q4 and Q5 conduct and supply 
0 vde, representing row 1 selection, to the relay matrix. 


The bottom row of diodes in the diode matrix (CR54 of modules D2 through D5) 
are used to detect the presence of logic ZERO's in bits 12 through 15 of channel 10. 
During normal operation at least one of the four diodes is forward biased and applies 
0 vde to the row selection driver voltage source. This 0 vde is needed to supply a row 
selection signal (0 vdc) to the relay matrix as discussed previously. If the four most 
significant bits of channel 10 are ZERO's, all four diodes are reverse biased and +28 
volts (+28 BCR) are applied to the input of the row selection driver voltage source. 
An input of +28 volts turns transistor Q2 on which in turn keeps transistor Q3 off. 
With no output from Q3, transistor Q1 is held off and the output of transistor Q1 is 
effectively an open circuit. Thus, there is no voltage source for circuit operation of 
any row selection driver circuit. 


The indicator driver module circuits (figure 4-226) are used in making up the 
decoder, relay matrix, and status and caution circuits. They are introduced at this 
time to assist in better understanding the previously mentioned areas. All six indicator 
driver modules (D1 through D6) are identical and interchangeable. 


4~5,10.2.3 Relay Matrix. The relay matrix (figure 4-227) consists of 11 relay bit 
drivers and 12 rows of latching relays. 


Each relay bit driver accepts lof 11 bits (11 through 1) of channel 10, For simplifi- 
cation only bit 11 (circuit 006 on module D6) is discussed. When bit 11 of channel 10 
is a ONE, it is inverted in the interface circuits (A25) and applied to DSKY connector 
J9 as signal CE224. A ZERO input to circuit 006 turns transistor Q8 on which switches 
transistor Q9 off. Thus, +28 volts is present on pin 10 (TURN-ON) of the column 
of relays dealing with the plus and minus sign display. With a row selection signal 
from the diode matrix (0 vde) and a column select signal from a relay bit driver 
(+28 volts), a single relay within the relay matrix is controlled. 
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Figure 4-225. DSKY Decoder Schematic Diagram 
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Figure 4-226. DSKY Indicator Driver 
Modules (D1-D6) 
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All of the relays in the relay matrix control the DSKY displays. Row 12 controls 
the indicators associated with the status and caution indicators (DS2) and, in addition, 
supplies a PGNS CAUTION signal to the display and control section of the PGNCS. 
Table 4-C relates the content of channel 10 to the row and column selected and the digit 
or indicator display controlled by the individual relay. Five relays are required to 
display one digit. Relay bit drivers 10 through 6 control the display of one digit and 
relay bit drivers 5 through i control the display of a second digit. Relay bit driver 11 
causes the display of a plus or minus sign. The five-bit code necessary to display 
digits 0 through 9 in any display location is listed in table 4-CI. The relays repre- 
senting REG8-POS1 of row 1 are used as an example. A logic ONE indicates that 
the relay is energized. For identification of display locations refer to figure 4-228. 


Energizing the proper relays within the relay matrix (rows 1 through 11) allows 
approximately 250 vac from the DSKY power supply to be routed through the relay 
contacts to the various segments of the electroluminescent digit and sign indicators. 
Figure 4~229 illustrates the relays, their codes, and a display coding key. 


Energizing a relay in row 12 allows +5 volts from the electrical power system 
in the spacecraft to be routed through the relay contacts to a status or caution indi- 
cator. Relays K16, K17, and K18 are spares. In addition, relays PROG, TRACKER, 
and GIMBAL LOCK receive the signal alarm common from the spacecraft and, when 
energized, supply signal PGNS CAUTION to the PGNCS. 
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Table 4-C. Relay Matrix Codes 
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Table 4-C1. Digit Code 


Digit 
Displayed 


4-5.10.2.4 Status and Caution Circuits. The status and caution circuits for the LGC 
(figure 4-230) consist of driver circuits and associated non-latching relays. For 
simplification only circuit 008 on module D4 is discussed. When signal ISS WARNING 
is a logic ZERO it will turn on transistor Q13 and supply +28 volts to associated relay 
K21. Relay K21 energizes and routes input signal ALARM COMMON through its 
contacts to the display and control section of the PGNCS as signal ISS WARNING. 
The driver circuits and relays associated with signals LGC WARNING, TEMP CAUTION, 
and RESTART also receive signal ALARM COMMON. Signal TEMP CAUTION or 
RESTART causes the generation of signal PGNS CAUTION which is applied to the PGNCS 
and also causes +5 volt caution power to be applied to the respective indicators on the 
DSKY front panel. 
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Figure 4-227. Relay Matrix Schematic Diagram 


Rev. AA 4-663/4-664 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


ALARM INDICATOR DIGITAL INDICATOR 
{DS2) {OSI} 


COMP 
ACTY 


DSI6IA 


psi42_foseat. 


+DR- losns.tosi atosiis losirz 051 ate 


I [ [ 


see 


1 


+DR- [psiest osi2e.,osizs_losize 


+OR - ps5 osi34.fosisalosisz losian. 


40978 


Figure 4-228, DSKY Display Locations 


The driver circuits and relays associated with signals UPLINK ACTY, OPR ERROR, 
KEY REL, and STBY will apply, when activated, +5 volt status power to their respective 
indicators on the DSKY front panel. IndicatorsOPR ERRand KEY REL flash at a 1.5cps 
rate. Indicator COMP ACTY is physically a part of digital indicator DSI. However, 
electrically it is part of the status circuits. When signal COMP ACTY is present, 
250 vac is routed through the relay contacts to its indicator. Circuits dealing with sig- 
nals RR ENABLE LOC ON, LGC WARNING, LRDR POS CMD, and ISS WARNING do not 
have visual indications on the front panel of the DSKY. 
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The verb-noun flash causes the verb-noun indicators to flash by interrupting, at 
a 1.5 cps rate, what normally is 250 vac being applied to the verb-noun relays in the 
relay matrix. 


The status and caution circuits for the CMC are illustrated on figure 4-231. 
These circuits are identical in operation to those in the LGC. Several interface dif- 
ferences exist, however. These can be determined by examining the inputs and outputs 
to the status and cautlon clrcuits for the CMC on figure 4-231. 


4-5.10.2.5 Power Supply. The DSKY power supply (figure 4-232) utilizes +28 vde and 
+14VSW from the computer power supply, and 800 cps from the timer to generate a 
display voltage of approximately 250 vac, 800 cps. The power supply contains three 
transformer-coupled, push-pull amplifiers. The input to the first stage is an 800-cps 
square wave varying about a +14 vde level. The de level is controlled by the brightness 
control on the astronauts’ control panel. Transformers T1 and T2 step up the voltage 
applied to their primary windings. The output from the third push-pull stage is applied 
to saturable reactor L2. 


Reactor L2 and its associated circuit regulate the voltage applied to the displays. 
The displays act as a variable capacitive load that varies as a function of the number of 
Indicators that are on. Changes in the load are reflected back to the control winding 
of L2 through the full-wave bridge rectifier, CR1 through CR4. As the number of 
indicators whicb are on increases, the voltage applied to the control winding is in- 
creased. An increase in voltage through the control winding drives reactor L2 further 
into saturation and keeps the output relatively constant. If the load decreases, the 
voltage through the control winding decreases, and L2 is less-saturated. 
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4-6 SIGNAL CONDITIONER ASSEMBLY 


The signal conditioner assembly (SCA) receives PGNCS signals and converts 
each signal to a common impedance and voltage range (0 to 5 volts) acceptable to the 
spacecraft pulse code modulated (PCM) multiplexer or encoder. The multiplexer then 
transforms the conditioned signals into a form suitable for telemetry transmitter 
modulation, The SCA also provides isolation between the component or circuit being 
monitored and the telemetry system. 


The SCA coneiete of either four or six modules and a mounting frame aesembly 
on which the modules are mounted. Two configurations of SCA ars ussd: the flight 
qualification SCA and the operational SCA. The primary difference bstween the two 
configurations is the larger number of modules in the flight qualification SCA. The 
flight qualification SCA contains six modules and conditions 42 PGNCS signals. The 
operational SCA contains four modules and conditions 26 PGNCS signals. 


In addition to conditioning PGNCS signals, the SCA provides signal interface be- 
tween the PSA and the PSA adapter module (PSAAM) during post-installation testing. 
Signals from the PSA, which are available at the SCA input connector, are hard-wired 
through the SCA to the PSAAM. The PSAAM, which conditions signals in a manner 
similar to that of the SCA, receives signals and operating voltages from the PSA. The 
flight qualification SCA routes 40 unconditioned PSA signals to the PSAAM, and the 
operational SCA routes 41 PSA signals to the PSAAM. In addition to this hard wiring, 
each SCA contains seven buffer resistors through which seven voltages from the PSA 
are routed to the PSAAM, 


The SCA receives its principal operating voltages from the PSA. These operating 
voltages include 28 volts de used for B+ voltage in the SCA circuits, and reference 
voltages consisting of ISS 800 cps and the 3,200 cps 1% feedback voltage from the IMU. 
Three additional reference voltages, generated in circuits within the SCA, are 2.5 
volt de bias, an 800 cps square wave, and a 3,200 cps square wave. 

4-6.1 SIGNAL CONDITIONER MODULES, Each module in the SCA is designed to con- 
dition one or more types of PGNCS signals. The six modules in the flight qualification 
SCA are: 

1) DAC, PIPA temp, and 2.5 vde bias signal conditioner. 

2) IRIG and PIPA signal conditioner. 

3) Gimbal resolver signal conditioner. 

4) Radar resolvers and 120 v PIPA supply signal conditioner. 


5) Torque motor and 1X sine gimbal resolver signal conditioner. 


6) CDU fine errors and 1RIG temp signal conditioner. 
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The four modules in the operational SCA are: 

1) DAC, PIPA temp, and 2.5 vde bias signal conditioner. 

2) 1IRIG and PIPA signal conditloner. 

3) Gimbal resolver signal conditioner. 

4) Radar resolvers and 120 v PIPA supply signal conditioner. 


Table 4-CII lists the PGNCS signals conditioned by each module, the type of cir- 
cuit which conditions each signal, the type of signal conditioned, and the nominal SCA 
output voltage for each signal conditioned. 


Figure 4-233 is a block diagram showing signal flow in the operational SCA. 
Figure 4-234 shows signal flow in the fligbt qualification SCA. 


4-6.2 SIGNAL CONDITIONING CIRCUITS. The modules used in the flight qualification 
SCA and operational SCA contain nine types of circuits. Six types of circuits condition 
the PGNCS signals, and three types of circuits provide reference voltages required to 
operate the signal conditioning circuits. The sixtypes of signal conditioning circuits are: 


i) Chopper-amplifier-demodulator. 

2) Amplifier-demodulator. 

3) Blocking oscillator-rectifier-filter. 
4) Transformer-rectifier-filter. 

5) Temperature sensor amplifier. 

6) Temperature sensor voltage divider. 


A 2.5 volt de bias is applied tothe output of each amplifier-demodulator and chopper- 
amplifier-demodulator circuit in the SCA. These circuits, which condition 0 or pi 
phase signals and bipolar dc signals, have an output range of -2.5 to +2.5 volts instead 
of the 0 to 5 volt range required for all telemetry signals. The required 0 to 5 volt 
output is obtained from these circuits by connecting the 2.5 volt de bias in series with 
the output of each circuit, so that the 2.5 volt de bias low becomes the common low 
to the telemetry system (see figures 4-233 and 4-234). The 2.5 volt de bias high is 
connected to the signal output low and becomes the reference point for the 0 to 5 volt 
output of these circuits. In this manner a zero phase signal, after conditioning, may 
be represented as a de voltage above the 2.5 volt reference. A pi phase signal, after 
conditioning, may be represented as a de voltage below the 2.5 volt reference. Bipolar 
de signals from the PGNCS, which may be positive or negative and have a zero volt 
reference, may, after conditioning, be represented In a similar manner. Positive 
voltages may be represented as a voltage above the 2.5 volt dc reference and negative 
voltages may be represented as a voltage below the 2.5 volt de reference. 
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2 Table 4-Cll. Circuits in SCA Modules = 
= Name of Module Name of Signal Type of Signal Type of Signal Nominal Output = 
Conditioning Circuit Conditioned Voltage Range = 
= 
o 
DAC, PIPA temp, | PITCH ATTITUDE] Amplifier-demodulator | 800 cps, 0 or pi phase] 0 to 5 vde = 
and 2,5 vde bias_| ERROR = 
ROLL ATTITUDE 3 
ERROR = 
o 
YAW ATTITUDE = 
ERROR = 
= 
PIPA TEMP Temperature sensor Variable resistance 0 to 5 vde = 
amplifier of PIPA temperature S 
sensor = 
= 
+28 VDC Blocking oscillator- 0 or 28 vde discrete 0 or 4,4 vde = 
— 
STANDBY rectifier-filter = 
+28 VDC LGC 
ISS 800 CPS 1% Transformer-rectifier-| ISS 28 v, 800 cps 4.3 vde (at 28 v 
filter power input) 
2,5 VDC BIAS 2.5 vde bias supply ISS 28 v, 800 cps 
power 
= 
{two spare Transformer-rectifier- None — 
. = 
channels) filter = 
f ~ 
S == 
3 (Sheet 1 of 5) =n 


8L9-P 


T a0" 


Name of Module 


IRIG and PIPA 


Gimbal resolver 


Table 4-CII. Circuits in SCA Modules (cont) 


Type of Signal Type of Signal Nominal Output 
Conditioning Circuit Conditioned Voltage Range 


Amplifier-demodulater | 3,200 cps, -45 or 


+135 degree phase 


Name of Signal 


X PIPA 

Y PIPA 

Z PIPA 

IG SERVO 
MG SERVO 
OG SERVO 


0 to 5 vde 


Transformer-rectifier- 4.3 vde 


filter 


3, 200 CPS 
TELEM 


3, 200 cps signal 


from isolation 


amplifier 


3, 200 eps sine 3, 200 eps isolation Low voltage 3, 200 


cps sine wave 


3,200 eps sine 


wave reference 
and 3, 200 cps 
square wave 


wave and 3, 200 amplifier and 


cps square wave multivibrator 


used internally 
in SCA 


reference 


SIN AIG 1X 
COS AIG 1X 
SIN AMG 1X 
COS AMG 1x 
SIN AOG 1X 
COS AOG 1X 


Amplifier-demodulator | 800 cps, 0 or pi phase 0 to 5 vde 
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Name of Module 


Radar resolvers 
and 120 vy PIPA 
supply 


Torque motor 
and 1X sine 


gimbal resolver 


Table 4-Cll. Circuits in SCA Modules (cont) 


Name of Signal 


120 V PVR 


RR SHAFT 1X SIN 
RR SHAFT 1X COS 
RR TRUN 1X SIN 
RR TRUN 1X COS 


800 cps reference 
voltage used 


internally in SCA 


IMU HEATER 
CURRENT 


IMU BLOWER 
CURRENT 


IG RSVR SIN 
MG RSVR SIN 
OG RSVR SIN 


Type of Signal Type of Signal 
Conditioning Circuit Conditioned 


Chopper-amplifier- High voltage de 


demodulator 


Amplifier-demodulator }800 cps, 0 or pi phase 


Square wave generator |800 cps sine wave 


reference 


Blocking oscillator- 0 or 28 vde discrete 


rectifier-filter 
Transformer-rectifier~| 28 v, 800 cps 


filter 


Amplifier-demodulator | 800 cps, 0 or pi phase 
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Nominal Output 
Voltage Range 


0 to 5 vde 


0 to 5 vde 


800 cps square 


wave reference 


0 or 4.4 vde 


4.3 vde (at 28 v 
input) 


0 to 5 vde 
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ius Table 4-CIl. Circuits in SCA Modules (cont) a 
wo 

oO =z bw | 
Name of Module Name of Signal Type of Signal Type of Signal Nominal Output = aes 
Conditioning Circuit Conditioned Voltage Range fom ] 
= 
S| 
Torque motor RR SHAFT FINE Ao 


and 1X sine ERROR 
gimbal resolver | RR TRUN FINE 
(cont) ERROR 


IG TORQUE Chopper-amplifier- Positive or negative dc | 0 to 5 vde 
MOTOR demodulator 

MG TORQUE 

MOTOR 


OG TORQUE 
MOTOR 


CDU fine errors | IG CDU FINE Amplifier-~demodulator | 800 cps, 0 or pi phase | 0 to 5 vde 
and IRIG temp ERROR 

MG CDU FINE 

ERROR 

OG CDU FINE 

ERROR 


W3ISAS 1081NO) GHY “NOILVOIAVN “JNVOIND AYYWIad WIT 


(Sheet 4 of 5) 


TJ “Ao"y 


® ¢ e @ * e 


T “Ao” 


T89-¥7 


Table 4-CIl. Circuits in SCA Modules (cont) 


Name of Module Name of Signal 


CDU fine errors TRIG TEMP 
and IRIG temp 
(cont) 


PIPA CAL MOD 
TEMP 


Type of Signal 
Conditioning Circuit 


Temperature sensor 


amplifier 


Temperature sensor 


voltage divider 


(Sheet 5 of 5) 


Type of Signal 
Conditioned 


Variable resistance 
of IRIG temperature 


sensor 


Variable resistance 
of PIPA calibration 
module temperature 


sensor 


Nominal Output 
Voltage Range 


WIISAS TOWING) ONY HOHVOIAYN JINVGINS ANYW18d WI7 


ChOLZOI-ON 


TYAKYW 


ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


No bias is required for the blocking oscillator-rectifier-filter, transformer- 
rectifier-filter, temperature sensor amplifier, and temperature sensor voltage divider 
circuits. The normal output of these circuits is within the 0 to 5 volt range required 
by the telemetry system. 


4-6.2.1 Chopper~Amplifier-Demodulator. The chopper-amplifier-demodulator circuit 
conditions negative or positive de signals. The incoming signal is applied to a chopper 
circuit consisting of two dual-emitter chopper/switch transistors. The chopper 
modulates an 800 cps square wave reference with the de input. The modulated square 
wave, which is representative of the magnitude and polarity of the dc input, is trans- 
former-coupled to an amplifier. The amplified signal is transformer-coupled to a 
phase-sensitive demodulator clrcuit consisting of two dual-emitter chopper/switch 
transistors. The switching action of the transistor pairs in both the chopper circuit 
and the demodulator circuit is controlled by a switch drive circuit consisting of an 
800 cps reference applied through a transformer to the base-collector junction of each 
transistor. The switch drive alternately turns onone transistor while the other transis- 
tor is turned off. The output of the demodulator is a pulsating de signal whose magnitude 
and polarity are dependent upon the magnitude and polarity of the input signal. The 
output of the demodulator is filtered and then biased at 2.5 volts dc. This output, 
which could vary from +2.5 to -2.5 volts at a zero reference, as a result of the 2.5 
volt reference, remains in a 0 to 5 volt range. 


4-6.2.2 Amplifier-Demodulator. The amplifier-demodulator signal conditioning circuit 
conditions ac signals of 0 or piphase. The circuit contains an ac amplifier and a phase- 
sensitive demodulator. The inputs to the amplifier and demodulator are transformer- 
coupled. The operation of the demodulator is similar to that in the chopper-amplifier- 
demodulator circuit described above. The magnitude and polarity of the demodulator 
output, however, is dependent upon the magnitude and phase of the ac signal, respectively. 
The output of the demodulator is biased at +2.5 volts de to produce an output of 0 to 5 
volts dc. 


4-6.2.3 Blocking Oscillator-Rectifier-Filter. The blocking oscillator-rectifier-filter 
circuit conditions a 0 or 28 voit de discrete without loading down the discrete. The 
PGNCS discrete is applied to a voltage-controlled blocking oscillator which includes 
one transistor and a three-winding pulse transformer. When the 28 volt discrete is 
present at the base of the transistor, the blocking oscillator goes into oscillation and 
produces an ac voltage across the output winding of the pulse transformer. This ac 
voltage is regulated at approximately 5.6 volts peak by a zener diode, rectified by a 
half-wave rectifier, and then filtered into an outputof approximately 4.3 volts dc. When 
the input discrete is not present, the output of the circuit is 0 volt. 


4-6.2.4 Transformer-Rectifier-Filter. This type of circuit conditions 28 volt, 800 cps 


or 3,200 cps power into a dc output. The ac input is applied to a stepdown transformer, 
rectifled by a half-wave rectifier, and filtered into a de output. The dc output voltage 


is representative of the magnitude of the ac Input. 


4-682 Rev. L 


| 
le @ ® ¢ @ & ad @ 
41 SIGHA' 
GOO CPS FROM = 41 PGMCS 
26 VDC B+ REFEREHCE PGHCS SIGHALS 
TOPSAAM 


cer“ cer SUFFER 
ke ue RESISTORS 
VOLTAG 7 BUFFER' 
HIGH Low HIGH fal Low FROM PGH \ VOLTAGES. 
c—--—-— 8 -- TOPSAAM 
HIGH 
TRANSFORMER, oo ok 
RECTIFIER, 
AHD FILTER =" 
| ——_™ 
HIGH SSS 
Low ee 
| SUPPLY 26 SIGHALS 
TO MULTIPLEXER 
BTELEMETRY 
TRAHSMITTER 


Hi 
us 


pane | a tw 
ERROR 
SIGHALS ae 
HIGH 
stoma” ome E 


SIGHAL >= 


+28 VOC 
sTaHDay ) >HlGH 
POWER 


VOLTAGE 
REGULATOR, 
RECTIFIER 

AHD FILTER 


2evLcc PR 
GRERATE HGH BLOCKING VOLTAGE 
GHAL | ow! osciLLaTor RECTIFIER © 
| AHD FILTER 
TRAHSFORMER, | 
(HOT USED) RECTIFIER, 
AND FILTER 
TRAHSFORMER, | 
{NOT USED} RECTIFIER, 
l AHO FILTER | 
| DAC, PIPA TEMP, AND 25 V BIAS seal 
3200 CPS 
28 VDC B+ REFEREHCE 
ooo ns 
HIGH Low HIGH Low ‘ 


TRAHSFOAMER, 
RECTIFIER, 
AND FILTER 


MULTIVIBRATOR 


3200 CPS 
SQUARE WAVE 
a = 
2 ran 
5 HIGH = 
6 IRIG 
Le AND PIPA LOW = 
SIGHALS Low = 
>» 
= 
-—< 
| a) 
IRIG AND PIPA = 
800 CPS i—) 
28 voc a+ REFEREHCE = 
Seay — SF rad 
HIGH Low HIGH Low = 
<= 
6 GIMBAL HS HIGH — 
oe Tow = 
SIGHALS Low DEMDD = 
o 
| ~ t 
a = od 
zz 
| = 
t ame] 
ba co 
oe] GIMBAL RESDLVER = 
: — = = 
r REFERENCE = 
2evoca+ = 
———s 2 
HIGH Low HIGH Low “ 
oe —— = 
J = 
sou | a8 ! 
RESOLVER | 
SIGHAL Low 
| ey 
| REFERENCE a 
120 vou ~ = 
CUP oe CHOPPE DEMOD 
SUPPLY HOPPER 
SIGNAL >» 
| | oe PRE 
RESOLVERS AND SQUARE aoe | ae = 
Gylaale> GENERATOR | ’ 
1 
a : ! fl 7 
re) 0 25 50 rac 
oS ed OUTPUT (DC VOLTS} x 
=~ 800 CPS = 
: REFEREHCE 18944 at — } 
5 ; . os 
as Figure 4-233. Operational Signal Conditioner Assembly, Block Diagram —™9 . 


J *aay 


J *AoY 


- 
‘ 
co 
wo 
or 
~~ 
oad 
' 
a 
co 
a 


ee 
>to 


BUFFER 


40 SIGNALS 
FROM PGNCS 


—_-, —— 7 VOLTAGES 7 BUFFERED 
FROM PGNCS / >LOW en oe 
HIGH ww wen) Tow ff torsicx 
| a. 
TRANSFORMER, 
RECTIFIER, 
| ANOFILTER 
26 SIGNALS 
TO MULTIPLEXER 
SATTITUDE HIGH 8 METRY 
: TRANSMITTER 
SIGNALS 
J Low 
HIGH 
SENSOR 
#28 VDC 
+2B VOC HIGH VOLTAGE | 
a) aa a eee il mesma” moe | 
Low ANO FIUTER 
2B¥ Loc HIGH VOLTAGE me) ||) 
ORERATE 
BLOCKING REGULATOR, 
SIGNAL } Low OSCILLATOR | RECTIFIER 
| ANO FILTER | 
— = TRANSFORMER, | 
_—_—-—_—— AND FILTER 
| TRANSFORMER, 
(NOT USED) Reever, | [| | 
| ANOFILTER 
| _ DAC, PIPA TEMP, ANO 2.5 V BIAS | 
3200 crs 
2BVOC B+ REFERENCE 
=e—eeKekeAN“N _ —— 
| ISOLATION TRANSFORMER, aki 
AMPLIFIER RECTIFIER, EE 
| ANO FILTER 
| MULTIVIBRATOR 
3200 CPS 
SOUARE WAVE 
HIGH 
6IRIG 
Shon wane aoe) 
SIGNALS Low 
| IRIG AND PIPA 
B00 CP 
28 VOC B+ REFERENCE 
eCOresn Se 
HIGH 
6 GIMBAL rich 
RESOLVER Pt J 
SIGNALS Low | 
| GIMBAL RESOLVER | 
=e = aa 00 ces an 
2B v0 B+ REFERENCE” 
oN 
HIGH Low HIGH Low 
ba | 
RESOLVE asi 
SIGNALS [ ) LOW fae 
800 CPS 
REFERENCE 
HGR 
120 VOLT TO TELEMETRY 
PIPA SUPPLY H 
SIGNAL ull CACEPER Lows 
ie : 
Low Z 
RADAR | 
SQUARE 
RESOLVERS AND WAVE 
120 V PIPA GENERATOR | 
SUPPLY 
te a m. a ee 
HIGH LOW 
‘cai ee, 
+2B VDC mae 
Clee REFERENCE gooces 
POWER 2B vOC B+ EFERENCE 
vVvVWxvum— er 
HIGH HIGH LOW _ HIGH Low ee 7 
Low} OSCILLATOR RECTIFIER 
ANO FILTER 
BLOWER suttd TRANSFORMER 
MER, seal 
BOO CPS RECTIFIER, 
SIGNAL tow AND FILTER 
HIGH a 
3SRESOLVER 
SIGNALS 
7 
| 
| = 
800 CPS REFERENCE 
| = 
3 TOROQVE zt a = 
3 v ia HIGH = 
MOTOR . CHOPPER = 
signals {stow | tow | = 
: | stoner | sox = 
= 
| = 
TORQUE MDTOR & a 
1X SINE GIMBAL TOMULTIALEXER | 
RESOLVER & TELENETRY > 
} + TRANSMITTER = 
HIGH 
2 RADAR pace| ” 
(N 
AMPL = 
te | tow 
> 
SIGNALS = 
oa 
— — | lh — — Pad 
ag i 
eal fo es aa ) i—J 
00 CPS SOUARE wav “eee poo cee = 
B Ov. WAVE REFERENCE \ = 
= 
o 
B00 CPS Ss 
28 VDC B+ REFERENCE = 
= —————\ os 
HIGH Low HIGH LOW = 
a a =] J 
Cal 
| = 
rere -———— | = 
a HIGH HIGH i 
3cou x= 
Fine 
ERROR 
SIGNALS | >4O* | 
esl 
IRIG 
SENSOR 
Siena. (Sow (ae |e Low 
| CDU FINE pe | | 
POWER 
ERRORS AND SUPPLY | = 
IRIG TEMP 
Low | oa 
Pre Car VOLTAGE | — 
MOO OLVIOING 
Sent [\HIGH DC TO SENSOR RESISTOR HIGH = 
i nS Ss = —— 
18943 et — ) 
x : see = * sas . = 
Figure 4-234. Flight Qualification Signal Conditioner Assembly, Block Diagram = a4 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


4-6.2.5 Temperature Sensor Amplifier. This amplifier circuit converts the resistance 
value of a temperature sensor inthe MUto a representative voltage. Each temperature 
sensor amplifier consists of a small encapsulated module which contains an ac/de 
power supply and a magnetic amplifier. The ac/de power supply converts 28 volt de 
power into ac and de voltages required to operate the magnetic amplifier. As the re- 
sistance applied to the amplifier input varies, the amplifier produces an output in the 
0 to 5 voit de range. 


4-6.2.6 Temperature Sensor Voltage Divider. This circuit produces a de output 


voltage which represents the resistance value of a temperature sensing thermistor 
in the PIPA calibration module. The circuit consists of two functional parts: a volt- 
age divider, and a regulated power supply which applies a fixed low voltage de to the 
voltage divider. 


The voltage divider consists of the thermistor in the PIPA calibration module con- 
nected in series with a resistor in the CDU fine error and IRIG temp module. The 
current through this series circuit varies as the thermistor resistance varies with 
temperature change. The output of the voltage divider is the voltage drop across the 
resistor in the series circuit. This output is in the 0 to 5 volt dc range. 


The power supply portion of the circuit converts 28 volt, 800 cps power to a regu- 
lated de output. The ac input is applied to a step-down transformer, rectified by a half- 
wave rectifier, and voltage-regulated by a zener diode. Regulated dc from the zener 
diode is applied to the base and collector of a transistor output stage, in which the 
voltage divider is connected as an emitter follower. This emitter-follower circuit 
maintains approximately 6 volts de across the voltage divider. 


4-6.3 REFERENCE VOLTAGE CIRCUITS. Reference voltages required to operate 
the signal conditioning circuits are developed in the following three types of circuits: 


1) 2.5 volt de bias supply. 
2) 800 cps square wave generator. 
3) 3,200 cps isolation amplifier and multivibrator. 


4-6.3.1 2.5 Volt DC Bias Supply. The 2.5 volt de bias supply provides dc bias voltage 
for the phase~sensitive demodulator circuits. Each 2.5 volt dc bias supply is a trans- 
former-rectifier-filter circuit which converts 28 volt, 800 cps power into a regulated 
2.5 volt de output. The ac input is applied to a stepdown transformer, rectified by a 
half-wave rectifier, voltage-regulated by a zener diode, and filtered into a regulated 
2.5 volt de output. 


The flight qualification SCA contains two 2.5 volt de bias supplies which provide 
bias to 31 demodulator circuits. The operational SCA contains one bias supply which 
provides bias to 20 demodulators. The output of each bias supply is also routed to the 
telemetry system, so that each bias voltage may be monitored by telemetry. 
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4-6.3.2 800 CPS Square Wave Generator. The 800 cps square wave generator converts 
an 800 cps sine wave reference into an 800 cps square wave reference. The sine 
wave input is transformer-coupled to a two stage amplifier. The output stage of this 
amplifier is an emitter-follower transistor circuit which is driven to saturation, 
producing a square wave output. The square wave is used as a reference in the 
switching circults in the chopper-amplifier-demodulator circuits. 


4-6.3.3 3,200 CPS isolation Amplifier and Multivibrator. This circuit converts a low 
voltage, high Impedance 3,200 cps reference sine wave to a higher voltage 3,200 cps 
sine wave, and in addition provides a 3,200 cps square wave output. The input to thls 
circuit, which is the 3,200 cps 1% feedback voltage from the IMU, is transformer- 
coupled to an amplifier consisting of a dual section transistor. The amplified signal is 
transformer-coupled to another dual section transistor which is in an emitter-follower 
circuit. The output of the emitter-follower clrcuit, which ls in phase with the 3,200 
cps input to the amplifier, is applied to a multivibrator circuit, and also is routed to 
a transformer-rectifier-filter circuit which conditions the 3,200 cps signal into ade 
output for telemetry monitoring. 


The multivibrator, which otherwise would free-run, is synchronized at 3,200 cps 
by the amplified sine wave input and produces a square wave output. This 3,200 cps 
square wave is used as a reference signal in the phase sensitive demodulators in the 
IRIG and PIPA slgnal conditloning circuits. 
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Chapter 5 


MISSION OPERATIONS 


5-1 SCOPE 


This chapter describes the mission operations accomplished by the LEM PGNCS. 
These operations include lunar descent, landing, pre-launch, launch, rendezvous, and 
docking with the CSM. Figure 5-1 is an overall depiction of the LEM mission. 


5-2 IMU COARSE ALIGNMENT 


Before separation of the LEM and CSM, the gimbals in the IMU are coarse aligned 
using CSM position data and the LGC is synchronized with the CMC. To initiate IMU 
coarse alignment, the astronaut selects a precomputed alignment program in the LGC 
by pressing the required keys on the DSKY. (See figure 5-2). The LGC sends digital 
pulses, representing the required amount of change in gimbal angle, to a counter inthe 
CDU, The CDU converts these pulses into ananalog error signal applied to the gimbal 
servo amplifier which in turn drives the gimbal torque motors. As the gimbal angle 
changes, the gimbal resolver signal is applied to the CDU and converted to digital 
pulses. These digital pulses are used to cancel the LGC pulses stored in the CDU 
counter. As the counter is decremented to zero, the CDU analog error signal di- 
creases to zero and the servo amplifier stops driving the gimbals, The CDU also 
sends digital pulses, representing the change in actual gimbal angles, to the LGC. 


5-3 IMU FINE ALIGNMENT 


After acceptable operation of all LEM systems is verified and the IMU is coarse 
aligned, the LEM is separated from the CSM. After separation, IMU fine alignment is 
initiated. (Seefigure 5-3.) The astronaut selects the fine alignment program in the LGC 
through the DSKY. To accomplish IMU fine alignment, the astronaut must use the AOT 
to sight on at least two stars. The IMU gimbals, having already been coarse aligned, 
are at this time relatively close to their desired angles in relation to the star coordi- 
nates. To refine the gimbal angles, the LGC sends gyro torquing signals to the IMU. 
The CDU interprets gimbal angle analog signals, converts them to digital pulses. and 
relays them to the LGC as gimbal error signals. As the gimbals are being aligned, the 
FDAI receives total attitude information from the IMU resolvers and attitude error in- 
tormation from the CDU., 
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5-4 TRANSFER ORBIT 


Prior to powered descent to the lunar surface, the LEM must descend in coasting 
flight to a lower altitude. A Hohmann (minimum energy) descent orbit is commanded 
by the LGC after the crew has requested it through the DSKY keyboard. The LGC sup- 
plies an ON discrete to the descent engine which fires until the LEM velocity has de- 
creased by some predetermined amount. This change in velocity (AV) places the LEM 
in a new orbit with a perilune of 50,000 feet. The accelerometer loop in the IMU senses 
the AV, and when the required velocity has been reached, the LGC furnishes an OF F 
discrete to the descent engine. 


5-5 POWERED DESCENT 


5-5.1 PHASE I- BRAKING. The crew uses the DSKY to select the powered descent 
program in the LGC when it is apparent that the descent orbit is successful. Braking 
is started approximately 200 nautical miles from the point of touchdown and is ter- 
minated approximately ten nautical miles from touchdown at an altitude of approxi- 
mately 11,000 feet. (See figure 5-4.) The LGC, being constantly informed by the IMU 
of velocity and position, sends on-off, thrust level, and gimbal trim discretes to the 
Descent Engine Control Assembly (DECA). The descent engine controls the rate of 
descent. The gimbal trim feature of the descent engine is used to control LEM 
trajectory and is aided by the RCS. The inertial components in the IMU sense changes 
in velocity and send this data to the LGC which constantly computes new thrust level 
commands and gimbal trim commands, The CDU converts IMU gimbal angles into 
digital pulses which represent LEM attitude. The FDAI1 presents a constant display 
of LEM total attitude and attitude error. 


Shortly after initiation of the braking phase, the LR begins to supply forward ve- 
locity and altitude information to the LGC to supplement and update inertially derived 
data. The LGC displays LR data on the ALT/ALT RATE indicator on the main con~ 
trol panel. 


5-5.2 PHASE II - FINAL APPROACH. The final approach phase is a continuation of 
the braking phase with the addition of supplemental manual controlling of the LEM. 
More credence is placed in LR data as the LEM nears the lunar surface, where this 
data becomes more reliable. 
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Manual control of the LEMis provided by two hand controls at each crew member's 
station. The right hand controls, attitude controllers, are coupled through the LGC to 
the RCS. They are connected to the RCSin such a manner that defection of the control in 
any direction will fire the RCS thrusters in pairs to move the LEM about its pitch (Y), 
roll (Z), or yaw (X) axis. The left hand controls, integrated thrust translation control- 
lers, serve two functions. They control translation along the LEM axes by firing the 
RCS thrusters and control descent by throttling the descent engine between 10 percent 
and 100 percent of thrust. When the two-position lever is in the JETS position, up and 
down movement of the control will fire a set of RCS thrusters to cause translation along 
the X axis. When the lever is in the THROTTLE position, up and down movement will 
control the thrust of the descent engine. With the lever in either position, left-right or 
forward-aft movement of the control will cause translation along the Y and Z axes, re- & 
spectively. 


NOTE: Deflection of either of the 

two hand controls to their limits 

will provide an override capabil- 

ity for RCS thrusting. Limit & 
switches at all control limits are 

wired directly to RCS logic cir- 

cuitry. 
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5-5.3 PHASE III - LANDING. This phase is a continuation of the final approach phase. 
The LEM is positioned over the desired landing spot by controlling the rate of descent, 
attitude, and lateralmovement. The LEM positioning is accomplished automatically or, 
if desired, the astronaut may assume partial or complete control by utilization of the 
hand controls as in phase HI. Engine on-off signals are issued when zero velocity and 
verticalattitude is achieved at an altitude of approximately three feet, allowing the LEM 
to free-fall to the lunar surface. 


5~6 LUNAR STAY 


Immediately after landing, the astronauts perform a complete checkout of all equip- 
ment required for ascent and rendezvous with the CSM. The PLSS is checked and the 
surrounding lunar landscape is examined before the LEM is depressurized and the hatch 
is opened. One astronaut exits to perform scientific experiments and gather lunar sam- 
ples. Subsequent to lunar exploration, the astronauts prepare the LEM for ascent and 
rendezvous with the CSM. The IMU is aligned and the ascent trajectory and launchtime 
is determined by the LGC based on the position of the orbiting CSM. 


5-7 ASCENT 


A powered ascent beginning with a vertical rise and followed by a pitch maneuver 
will be initiated at the proper time toinsert the LEM into an ascent coast trajectory to 
intercept the orbiting CSM. The ascent engine is a constant thrust engine with a fixed 
nozzle; therefore, the direction of the thrust vector is determined by the attitude of the 
LEM which, in turn, is controlled by the RCS upon receipt of signals from the LGC, 
(See figure 5-5.) Throughout the powered ascent phase, the LGC receives changes in 
velocity from the IMU and1MU A anglesfromthe CDU. The LGC calculates the attitude 
errors and generates signals to position the FDA] attitude error needles and to control 
the RCS operation. The LGC also continues to calculate the ascent engine termination 
time based on the relative positions of the LEM and CSM and the calculated ascent 
trajectory. 


5-8 RENDEZVOUS AND DOCKING 


During the ascent coast period, the PGNCS remains in an inertial reference con- 
dition. The LGC receives velocity changes from the IMU accelerometer loops and 1MU 
gimbal angles from the CDU. The PGNCS continues to calculate the actual LEM coast 
trajectory and issue signals to the RCS to maintain the LEM on a CSM intercept tra- 
jectory. When the LEM approaches the CSM, braking thrust maneuvers are initiated 
by the PGNCS utilizing the RCS, to reduce the velocity between the LEM and CSM to 
zero. The astronaut will then utilize the handcontrols to perform the required docking 
maneuvers. The required thrusting during these maneuvers will be provided by the RCS, 
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Chapter 6 


CHECKOUT AND MAINTENANCE EQUIPMENT 


6-1 SCOPE 


This chapter contains a list of test equipment and tools necessary to complete 
checkout of the LEM PGNCS and the PGNCS subsystems. The test equipment is listed 
in alphabetical order in table 6-1. The tools are listed in alphabetical order in table 
6-Il. Operation and front panel calibration procedures for the GSE are contained in 
the job description cards (JDC's) listed in table 6-III. The layout of equipment in a 
typical universal test station is shown in figure 6-1. The test station is environmen- 
tally controlled and provides for precision checkout of the PGNCS and the PGNCS 
subsystems. 


Table 6-I, Checkout and Maintenance Test Equipment 


Equipment Short Description and Use 
and Nomenclature 
Part Number 


Apollo guidance computer Auxiliary Checks calibration of LGC clock 
(AGC) auxiliary calibra- calibration oscillator. 
tion console, 2014059-0621 system 


AGC CTS operation AGC/OC Provides mounting and cooling 
console, 2014024-021 surfaces, power and test con- 
nections for checking out CSS. 


AGC/GSE interconnect AGC/GSE Provides cables and buffer cir- 

sect, PGNCS, 2014255-041 interconnect cuits to interconnect LGC to 

and --051 cables, GSE during PGNCS checkout. 
PGNCS 
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Table G-I. Checkout and Maintenance Test Equipment 


Equipment 
and 
Part Number 


AGC/GSE interconnect 
set, subsystem, 2014268- 
031 


AGC handling fixture, 
2014282-031 


AGC test set, 2014042- 
061 and -071 


AGC universal DSKY 
handling fixture 
2014013-011 


AGC calibration system 
console, 2014049-021 


Alignment optical 
telescope tester, 
6014003 


Alignment optical 
leleseope tester 
assembly certification 
kit, 6014008 


AOT lens covers, 
6014056-011 


AOT conneetor cover, 
6014319-011 


Short 


Nomenclature 


AGC/GSE 
interconnect 
cables, CSS 


AGC handling 


fixture 


Computer 
test set 
(CTS) 


DSKY 
handling 
fixture 


Calibration 
system 


AOTT cert 
kit 


AOT lens 
covers 


AOT connee- 


tor eover 


Description and Use 


Provides cables and mounting 
braeket to interconnect LGC 
to GSE during CSS checkout. 


Provides mounting and pro- 
tection for LGC prior to in- 
stallation and during handling. 


Checks operation of CSS. 


Provides protection and han- 
dling capability of DSKY during 
transfer, test, and storage. 
Also provides a means of 
mounting DSKY in AGC/ 

OCA 


Checks calibration of LGC clock 
oscillator and provides fre~- 
quency reference to auxiliary 
calibration system. 


Provides optical targets and 
functional references for align- 
ment ehecks of AOT, 


Provides calibrated mechanical 
and optical references required 
for setup and alignment. 


Protects AOT lens from external 
damage. 


Protects AOT conneetor P1 during 
shipping or when eonnector is not 
connected to a cable assembly. 
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Table 6-1. 


Equipment 
and 
Part Number 


Component mounting 
plate, 6900007-021 


Computer simulator, 
2014048-011 


Connector cover set, 
6900001-031 


Degausser, 1900299- 
021 


Electrical! adapter 
cable assembly set, 
2901075-021 and 
6900077-011 
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. Short 
Nomenclature 


Component 
mounting 
plate 


Computer 
simulator 


Connector 
covers 


Degausser 


Description and Use 


Provides mounting for DSKY and 
support and cooling capability 
for LGC, CDU, and PSA during 
testing. 


Simulates LGC signals, loads, 
and outputs for ISS checkout. 


Provides protection for elec- 
trical connectors of PGNCS 
harness. 


Demagnetizes ducosyns of 16 
PIP's and 25 IRIG's during ISS 
checkout. 


Provides cable breakout capa- 
bility for signal monitoring, 
and resistance and continuity 
testing. 
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Table 6-I, Checkout and Maintenance Test Equipment 


Equipment 
and 
Part Number 


G and N transport cart, 
1900009-041 


G and N coolant and power 


console, 1902134-031 


GSE coolant intercon- 
nect hose set, 15S/OSS, 
2900405-011 


GSE distribution box, 
2900024-031 


IMU lifting and handling 


fixture, 1015462-011 


IMU lifting tempera- 
ture controller, 
2900063-031 


IMU mounting fixture, 
2900000-021 


IMU pressure seal 
tester 1900804-011 


1MU snap-on bellows, 
1900802-011 


Intcrconncct cable 
set, 2900025-031 


Interconnect cable 
set, special (LEM), 
6900043~-051 


Rev. AB 


Short 
Nomenclature 


G and N 
transport 
cart 


Coolant and 
power con- 
sole 


GSE coolant 
hoses 


GSE 
distribution 
box 


IMU lifting 
fixture 


LTC 


IMU mounting 
fixture 


IMU pressure 
scal tester 


IMU snap-on 
bellows 


Interconnect 
cables 


Interconnect 
cables 
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Description and Use 


Used for local transportation of 
PGNCS components. 


Provides cooling, power and 
Precision voltage monitoring 
during PGNCS and ISS checkout. 


Connects PGNCS components 
and coldplates to coolant and 
power console, 


Provides test interconnection 
for use during PGNCS and sub- 
system checkout. 


Provides means of positioning 
1MU and IMU mounting fixture 
on rotary table, 


Provides heater power to IMU 
inertial components during 
LEM stacking. 


Mounts IMU to rotary table for 
18S checkout. 


Checks for leakage of pressure 
seals in 1MU case during 
PGNCS checkout. 


Allows for expansion of coolant 
in IMU case during transporta- 
tion when filled. 


Interconnects PGNCS components 


and GSE during PGNCS and sub- 
system checkout. 


Interconnects PGNCS components 


and GSE during PGNCS5 and sub- 
system checkout. 
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Table G-I. Checkout and Maintenance Test Equipment 


Short 
Nomenclature 


Equipment Description and Use 
and 


Part Number 


LGC connector 
covers 


LGC connector Covers, 
2014399-011 
1006425-006 


Provide protection for LGC and 
DSKY electrical connectors 
during transit or storage. 


LBP Part of IMU lifting temperature 
controller to provide backup 


heater power. 
Used to clean AOT optics. 


Lifting battery pack, 
2900812-031 


Optics 
cleaning kit 


O1A 


Optics cleaning kif, 
1019984-021 
Optics-inertial 

analyzer, 2900023-051 


Provides control signals and 

monitoring and measurement 
facilities for PGNCS and sub- 
system checkout. 


Monitors and records signals 
from OJA. 


Oscillograph console, Oscillograph 


1900000-021 


PTC Provides power for IMU tem- 
perature control when normal 


power is not applied. 


Buffer between PGNCS and ACE 
for post-installation testing. 


Portable temperature 
controller, 2900060-031 


PSA adapter module, PSAAM 


6900088-031 


PSA test point adapter, PSA test Provides test interconnections 


2900037-031 point for use with OJA for monitoring 
adapter purposes. 

Programmer and P and M Provides extra set of cables to 

monitor interconnect interconnect connect CTS to buffer circuit 


set, 2014064-011 assembly at a universal test 


station. 


set 


PTA/PEA mounting PTA/PEA Provides mounting for PTA on 


fixture, 2900066-021 mounting rotary table during PGNCS and 
fixture ISS testing. 

PTA/PEA test point PTA/PEA Provides signal select capa- 

adapter, 2900145-011 test point bility for monitoring signals 


adapter from PTA during PGNCS and 


ISS testing. 


Purging and filling 
fixture, 1902371-011 


Purges and fills IMU and GSE 
coldplates requiring coolant. 


Purging and 
filling fixture 
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Table 6-I. Checkout and Maintenance Test Equipment 


Equipment 
and 
Part Number 


Resolver circuit tester, 
2900708-011 


Rotary table 
1900926-021 


Rotary table 
calibration set, 


1900810-011 


Signal conditioner 
assembly and PSA 
adapter module 
calibration unit, 
2900895-041 


Subsystem mounting 
fixture, 2900070-021 


Theodolite, 
1017444 


Short Description and Use 
Nomenclature 


Resolver circuit Provides simulated resolver 

tester signals and monitoring facil- 
ities for testing PGNCS re- 
solver circuits. 


Rotary table Serves as a mounting and 
test platform for selected 
PGNCS components during 
PGNCS and ISS testing. 


Rotary table Contains all equipment neces- 
calibration sary to perform rotary table 
set calibration. 


SPCU Provides regulated de excita- 
tion source, simulated load 
and input source impedance, 
scales input signals, and 
regulates 800 cps and 3200 
cps Signals for testing five 
types of signal conditioner 
assemblies. 


Subsystem Supports portions of PGNCS 
mounting and GSE during ISS and 
fixture PGNCS testing. 


DKM 3X Serves as telescope and 
autocollimator to measure 
and transfer bearings. 
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Table 6-Il. Checkout and Maintenance Tools 


Equipment 
and 
Part Number 


AGC sling; MY-4 
Abbot Jordan Hoist 
Co., Brighton, Mass. 


Allen adapter; 
5/32 inch, JO Line, 
or equivalent 


Rev. Y 


Short Description and Use 
Nomenclature 


computer sling Connects lifting hoists to LGC 
when transporting LGC outside 
of LGC shipping container, 


allen adapter Adapts torque wrench to LGC 
module inserts. 
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Table 6-II. Checkout and Maintenance Tools 


Equipment Short Description and Use 2 
and Nomenclature 
Part Number 


Torque wrench; 17 inch- torque wrench Torque LGC modules onto 
pound, JO Line, or LGC trays. 


equivalent e 


Tool kit tool kit Contains general usage tools 
required to support mainte- 
nance activities in G and N 
laboratory and stockroom. 
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Table 6-III. List of Operating Procedure JDC's for GSE 


Equipment JDC JDC Description 
Number 


Auxiliary input Operation - general 
panel 
Operating primary signal selector and 
auxiliary input panels to apply auxiliary 
signals to digital voltmeter, phase angle 
voltmeter, dual beam oscilloscope 9 
and counter, 


Applying PSA test point adapter signals 
to dual beam oscilloscope through 
auxiliary input panel. 


Applying PSA test point adapter and @ 
PTA/PEA test point adapter signals 

to dual beam oscilloscope through 

auxiliary input panel. 
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Table 6-III. List of Operating Procedure JDC's for GSE (cont) 


Equipment JDC JDC Description 
Number 


Counter 18017 Forward and reverse count. 


18018 Count number of input events that occur 


during any preselected time interval. 


Count number of input events that occur 
during interval determined by 'D"” 
input events. 


18019 


Count clock frequency pulses that occur 
during interval determined by 'D" 
input events. 


Determine correct operation of N, 
switches, time-base circuitry, and 
count-chain circuitry. 


Determine correct operation of Nog 
switch, 


Applying auxiliary signals. 


Performance verification. 


Current source 18216 Measure voltages. 
monitor panel 
Digital recorder 18043 Operation and interpretation of data. 


18000 


Digital voltmeter Applying internal signals. 


18002 Applying PSA test point adapter signals. 


18037 Automatic measurement of ac or de 


voltage. 


18103 


Applying auxiliary signals. 


18202 Applying PTA/PEA test point adapter 


signals. 
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Table 6-III. List of Operating Procedure JDC's for GSE (cont) 


Equipment JDC JDC Description 
Number 


Digital Voltmeter Measurement of de voltage. e 
{cont) 
Measurement of ac voltage. 


Performance verification. 


Dual beam 18000 Applying internal signals. 
oscilloscope 


18001 Applying reference signals. 


18002 Applying PSA test point adapter signals. 


18005 Voltage measurements using upper 
beam differential amplifier. ey 


18006 Phase shift measurements using upper 
beam differential amplifier. 


18007 Time measurements. 
18008 Frequency measurements. 


18009 Pulse monitoring using scope B, 
channel 1. 


18010 Applying two signals simultaneously to 


scope B. 4 


18011 Applying oscillograph signals to scope 
B, channel 2. 


18103 Applying auxiliary signals. 
18104 Applying PSA test point adapter signals. we 


18202 Applying PTA/PEA test point adapter 
signals. 
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Table 6-Hli. List of Operating Procedure JDC's for GSE (cont) 


Equipment JDC JDC Description 
Number 


Dual Beam Applying PSA test point adapter and 
Oscilloscope (cont) PTA/PEA test point adapter signals. 


Performance verification. 


Adjustment of scope B lower beam 
vertical plug-in unit. 


Adjustment of scope B lower beam 
vertical plug-in unit. 


Adjustment. 


Electrical adapter 18053 Signal monitoring and continuity 
cable assembly set testing. 


Fill and purge 18045 Fill and purge G and N system com- 
fixture ponents. 


G and N coolant and 18046 Operation and interconnections for 
power console G and N system, ISS and OSS testing. 
Gimbal position 18244 General operation. 

control panel 

Inertial components 18049 Provide IMU heat. 

temperature 

controller 


Oscillograph 18011 Applying signals to dual beam oscil- 
loscope, scope B, channel 2. 
18023 Electric writing. 
18024 Ink writing. 
18026 Operation of de amplifiers. 


(Sheet 4 of 7} 


Rev. J 6-9 


ND-1021042 
MANUAL LEM PRIMARY GUIDANCE, HAVIGATION, AND CONTROL SYSTEM 


! Table 6-III. List of Operating Procedure JDC's for GSE (conf) 


Equipment JDC 3DC Description 
Number 


Oscillograph (cont) 18027 Adjustment of phase sensitive de- 
modulators (800 cps reference), 


18028 Adjustment of phase sensitive de- 
modulators (3200 cps reference). 


18031 Operation of phase sensitive de- 
modulators. 


18032 Installation of ink cartridge. 
18033 Installation of ink pen. 
18034 Installation of paper. 


19264 Performance verification of de ampli- 
fiers. 


19265 Performance verification of phase 
sensitive demodulators. 


19268 Performance verification of phase 
sensitive demodulators. 


Phase angle Applying internal signals. 
voltmeter 


Applying PSA test point adapter signals. 
Measurement of total rms voltage. 


Measurement of fundamental rms 
voltages. 


Measurement of phase angle. 


Measurement of in-phase and quadra- 
ture components. 


Indication of phase sensitive null. 
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Table 6-III. List of Operating Procedure JDC's for GSE (cont) 


JDC 
‘Number 


Equipment JDC Description 


——eee———————— 


Phase Angle 
Voltmeter (cont) 


Applying auxiliary signals. 


Applying PTA/PEA test point adapter 
Signals. 


Performance verification. 


Performance verification. 


Primary signal 
selector panel 


Applying internal signals to digital volt- 
meter, phase angle voltmeter, and dual 
beam oscilloscope. 


Applying reference signals to dual beam 
oscilloscope. 


Applying PSA test point adapter signals 
to dual beam oscilloscope, phase angle 
voltmeter, and digital voltmeter. 


Voltage measurement on dual beam 
oscilloscope of signals through primary 
signal selector panel. 


Applying auxiliary signals through 
auxiliary input panel to digital voltmeter, 
phase angle voltmeter, dual beam oscil- 
loscope, and counter. 


Applying PSA test point adapter signals 
through auxiliary input panel to dual 
beam oscilloscope. 


Applying PTA/PEA test point adapter 
signals to dual beam oscilloscope, 

phase angle voltmeter, and digital volt- 
meter. 
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Table 6-IJJ. List of Operating Procedure JDC's for GSE (cont) 


Equipment JDC JDC Description 
Number 


Primary signal 18204 Applying PSA test point adapter and 

selector panel PTA/PEA test point adapter signals 

(cont) through auxiliary input panel to dual 
beam oscilloscope. 


PSA test point Applying signals through primary 

adapter signal selector panel to digital volt- 
meter, phase angle voltmeter, and dual 
beam oscilloscope. 


Applying signals through auxiliary 
input panel and primary signal selector 
panel to dual beam oscilloscope. 


Applying PSA test point adapter and 
PTA/PEA test point adapter signals 
through primary signal selector panel 
and auxiliary input panel to dual beam 
oscilloscope. 


Signal generator Signal generator adjustment. 


Signal generator operation. 
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Figure 6~1. Typical Universal Test Station Layout 
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Chapter 7 
CHECKOUT 
7-1 SCOPE 


This chapter contains flowgrams which outline checkout procedures for the LEM 
PGNCS and the PGNCS subsystems. Checkout is performed at the G and N laboratories 
of North American Aviation (NAA), Kennedy Space Center (KSC), Grumman Aircraft 
Engineering Coproration (GAEC), and the Manned Spacecraft Center (MSC). A master 
flowgram for the PGNCS and one for each of the PGNCS subsystems precedes more 
detailed preparation and checkout flowgrams. Each master flowgram references the 
detailed flowgrams which, in turn, reference the job description cards (JDC's) re- 
quired to fulfill the checkout function. The detailed flowgrams also refer to JDC's 
which describe setup and operation of GSE. Flowgrams and JDC references are also 
provided for pre-installation acceptance (PIA) tests. 


Information regarding packing, shipping, handling, and storage of any component 
of the PGNCS will be found in Packing, Shipping, and Handling Manual, ND-~1021038. 


7-2 PRIMARY GUIDANCE, NAVIGATION AND CONTROL SYSTEM 


7-2.1 PREPARATION, Table 7-I lists PGNCS components and GSE required for PGNCS 
and subsystem checkout. Tables 7-IA and 7-11 list required system and GSE intercon- 
nect cabling, 


7-2.2 CHECKOUT, The PGNCS master flowgram (figure 7-1) specifies the conditions 
leading to a PGNCS checkout and displays the mandatory sequence to be followed. 
Detailed flowgrams (figures 7-2 and 7-3) give sequential listings of JDC's to be 
performed, 


7-2.3 TEST DESCRIPTIONS. Detailed descriptions of the PGNCS checkout tests per- 
formed by using the JDC's are provided in the following paragraphs. 


7-2.3.1 Master Initialization. This procedure establishes proper initial conditions, 
after system turn-on, required for the performance of various system tests. 


The temperatures of the IRIG and PIPA are measured in voltages, each volt being 
equivalent to 29°F. The 2 volt, 3200 cps GSE ducosyn frequency and voltage compara- 
tor, the 28 vdc prime power voltage comparator, and the 60 cycle, 3 phase voltage 
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comparator are measured to insure that they are withintolerances. By entering a 
sequence of instructions into the DSKY, all erasable locations are zeroed and the IMU 
gimbals are coarse aligned at zero, 


7~2.3.2 Standby Control Test. During this test the 28 vdc standby bus voltage, 3200 cps 
suspension power, LGC master clock sync, +4 and +14 vdc LGC power supplies, and 
IRIG and PIPA standby temperatures are checked. 


Initialization of this test consists of applying power to the LGC, placing the ISS 
in the standby mode, and obtaining an input bus voltage of 28 vdc. This primary 28 vdc 
input bus voltage is obtained by setting the CROSSBAR CONTROL switches on the 
primary signal selector panel and adjusting the G & N POWER ADJUST control on the 
test control panel. 


The IMU standby bus voltage is measured to insure that voltage is available for 
use in the IMU temperature control system, the magnetic suspension system, and the 
LGC, 


The IRIG and PIPA temperatures and the difference between the temperatures are 
obtained by measuring the temperature deviation voltage. One hour after entering the 
standby mode, which allows time for the IRIG and PIPA temperatures to stabilize, the 
CROSSBAR CONTROL switches are set and the IRIG and PIPA instantaneous tempera- 
ture deviation voltages are recorded. These voltages are equivalent to two degrees 
per volt. The calculated temperature is added to the nominal IRIG temperature and 
nominal PIPA temperature to obtain the actual IRIG and PIPA temperatures. The ab- 
solute temperature difference is then obtained by subtracting the actual PIPA tempera- 
ture from the actual IRIG temperature. 


Proper operation of the ducosyn magnetic suspension system must be verified be- 
fore power can be applied to the IRIG wheel motors. Verification is accomplished by 
setting the COUNTER INPUT "D" SIGNAL selector switch on the primary signal selec- 
tor panel and measuring the 3200 cps suspension power frequency on the counter. A 
counter indication of 1,000,000 counts corresponds to the magnetic suspension power 
frequency of 3200 cps. The CROSSBAR CONTROL switches are then set to measure 
the 3200 cps suspension power feedback voltage. 


The LGC master clock sync, which supplies synchronization pulses to the PGNCS 
power supplies, is checked. The LGC master clock sync is Connected to the computer 
test set (CTS) counter and the frequency is monitored for 15 minutes (9 printouts on 
the printer) to insure that the frequency does not deviate by more than the amount 
specified by the JDC. Printouts of 1024000 correspond to the LGC master clock fre- 
quency of 1024 keps. The LGC master clock sync is then connected to the CTS oscil- 
loscope and the amplitude, width, rise time, and noise of the signal are measured to 
insure that proper synchronization pulses are being developed by the LGC. 


The LGC +4 and +14 vde power supply outputs are used within the LGC to provide 
necessary power for LGC operation. If the LGC is inthe standby mode, the power 
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supplies are inhibited and should not produce outputs. When the LGC is placed in the 
operate mode, the power supplies are enabled and should produce outputs which are 
then measured on the DVM by setting the CROSSBAR CONTROL switches on the pri- 
mary signal selector panel. 


7-2.3.3 Operate Control Test. This test provides an operate control test for IMU time 
delay; gimbal ambiguity; 1X sine and cosine signals; standby to operate temperature 
transient; 800 cps power supply thermistor; temperature monitor 1 thermistor; PIPA 
calibration module thermistor; auto cage, inertial temperature control point; heater 
telemetry discrete; blower telemetry discrete; and normalization. 


Prior to starting this test, the ISS must be in the standby mode with the LGC power 
on for a minimum of 2hours. This warmup allows time for the ISS to be temperature 
stabilized. The prime power is adjusted for 28 vdce. The IMU time delay test is per- 
formed by measuring the time required for the ISS to upmode from standby to operate. 
This time delay, which is gyro runup time, should be 90 seconds with tolerance speci- 
fied in the JDC. During the 90 second delay period, the IRIG and PIPA pulse torque 
power supply is inhibited. Loss of +28 vde LGC prime power at any time causes the 
power supply to be inhibited. 


During automatic caging and CDU ambiguity operation, the IMU gimbal resolvers 
drive the 1X sine signals to zero volt rms and the 1X cosine signals to 28 volts rms, 
with the IMU gimbal angles initially at 225°, 


With the ISS in the operate mode and the IMU gimbals coarse aligned to 0°, the 
PIPA temperature is checked during the first 15 minutes after switching from the 
standby to the operate mode. The PIPA temperature must be within 0.5° of its stabi- 
lized value, The IRIG temperature is checked 30 minutes after switching to the operate 
mode. The IRIG temperature must also be within 0.5° of its stabilized value. The 
stabilized values of the PIPA and IRIG temperature must be 130,5°F and 135°F respec- 
tively plus tolerances specified inthe JDC, The temperature is considered stabilized 
when it changes less than 0.19F in 30 minutes. 


In order to test the 800 cps power supply, the temperature monitor 1, and the PIPA 
calibration module thermistors, the resistances of the following thermistors are 
measured: 


Thermistor Location PSA TPA Tol (ohms) 
800 cps, 5%, P/S PSA TB5-12 and 13 2.21K to 8.387K 
Temp mon 1 LGC {erasable driver) TB5-14 and 15 1.4K to 13.25K 
PIPA cal mod PIPA cal mod TB1-31 and 27 3.65K to 13.25K 


The heater telemetry discrete is checked during the ON cycle. Voltage at the 
interface is 26.5 vde with tolerance specified inthe JDC. The blower telemetry dis- 
crete cycles on and off with a heater duty cycle of approximately 45 percent. The ON 
state is 0 volt rms and the OFF state is 28 volts rms. 
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7-2.3.4 G&N System Operational Test. This test is a gross check of the PGNCS op- 
eration. The test consists of a computer/DSKY interface test (performance of a 
computer controlled DSKY test to verify correct DSKY character displays), a manual 
DSKY keyboard test (verification of correct key-character display operation), an alarm 
and interrupts test (checks computer program error sensing capabilities), and a com- 
puter controlled test of PIPA and IRIG operation. The PIPA's are checked by posi~ 
tioning the OG, IG, and MG at 45°; each PIPA then senses a portion of local gravity. 
The cumulative reading should be the value of local gravity. IRIG performance is 
checked by measuring the horizontal component of earth rate (cos A). The PIPA and 
IRIG tests are performed at normal, low, and high prime power voltage levels with 
the LGC self check being performed concurrently. 


The tests are initiated with the system in ISS standby and the computer operating. 
The computer/DSKY interface test, which is the +11 option of the self check, checks 
the electroluminescent displays on the DSKY. This listisinitiated by entering VERB 21 
(load component 1), NOUN 27 (self test on/off switch), and 00011 into the DSKY. The 
test illuminates all operation and data display elements on the DSKY for 5 seconds 
each. The operator must watch the DSKY for the proper displays specified in the JDC. 
Next, VERB 35 (test lights) is entered into the DSKY to illuminate all DSKY caution and 
alarm display panel lights concurrently for 5 seconds, after which the caution and 
alarm lights go out, leaving +88888 in row 1, row 2, and row 3. 


The manual DSKY keyboard test is initiated by entering VERB 24 (load component 
1, 2), NOUN 01 (specify address, fractional), address 01700, +12345, and -67890. The 
DSKY is observed for the following display: +12345 in row 1 and -67890 in row 2. The 
test is completed by pressing CLR twice so that row 1 and 2 are blank. 


The alarm and interrupts test checks the following LGC detection circuits using 
appropriate DSKY inputs; 


Parity fail 

Rupt lock 

TC trap 

Night watchman. 
Each detection circuit generates a restart in the LGC when an error is detected. The 
restart is displayed as follows: RESTART condition, PGNCS, and G/N CAUTION 
lamps lighted; DSKY row 1, row 2, and row 3 display 00000. The RSET pushbutton is 
pressed and VERB 36 (fresh start) is entered into the DSKY after each detection circuit 
is checked. 

The PIPA and IRIG tests are initiated by placing the ISS in the operate mode and 


adjusting prime power to 28 vdc as measured at the PSA input by the DVM. The LGC 
self check is performed during the 90 second standby to operate time delay by entering 
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VERB 21, NOUN 27, and address 77767. After the 90 second time delay has been com- 
pleted, the closure of the PIPA loop is verified by (observing) a butterfly pattern on the 
PIPA monitor oscilloscope. Then the test is continued by entering VERB 57 (perform 
system test) and address 00004 (IMU check). 


In approximately 12 minutes VERB 06 (decimal display) and NOUN 66 (system test 
results) flash, and row 1 and row 2 display the local gravity vector (cm/sec“) meas- 
ured by the PIPA's, VERB 33 (proceed without data) is entered, and when VERB 06 
and NOUN 66 flash again the horizontal component of earth rate (cos 4), as measured 
by the IRIG's, is displayed in row 1 and row 2, The local gravity and earth rate indi- 
cations are recorded and compared with specification tolerances, The PIPA and IRIG 
test is repeated with the prime power adjusted to the low voltage limit, and to the high 
voltage limit. 


7-2,3.5 LEM PGNCS Power Supply Test. This test checks the amplitude, frequency, 


and phase relationship, as applicable, of the LEM PGNCS power supplies. 


A master initialization condition is established per JDC 12613 to zero the IMU 
gimbals and eliminate the possibility of LGC operation while this test is being per- 
formed, Prime power is adjusted to 28 vdc and the system is allowed to operate for 
15 minutes to stabilize the prime power. The CROSSBAR CONTROL and DVM are 
used to measure the following voltages: 

1) 28 volts, 800 cps, 1% 

2) 28 volts, 800 cps, 5%, AS, BS 

3) ECDU +4 vde 

4) -28 vdce 

5) X, Y, Z PIPA 28 vdc 

6) 28 volts, 3200 cps, 1% 

7) LGC +4 vde 

8) LGC +14 vde 

9) 28 vdc LGC operate 

10) 28 volts, 800 cps reference voltage 


=— 


- 


11) 120 vdc pulse torque electronics. 


Using the counter, test point adapter 2, and primary signal selector panel}, the fre- 
quencies of the following voltages are measured to insure that they are within toler- 
ance: the IMU 28 volt, 800 cps, 1% power supply output and the 28 volt, 3200 cps feed- 
back signal. The peak-to-peak amplitude of the 3200 cps, 1% power supply is measured 
using the auxiliary panel and the dual beam oscilloscope. The time difference is 
measured between the leading edge of the 3200 pps set pulse (A -3 usec) input to the 
3200 cps power supply and the first positive going zero crossover of the 28 volt, 
3200 cps power supply output. 
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Using the phase angle voltmeter and test point adapter 2, the phase angle between 
phase A and phase B of the 1MU 28 volt, 800 cps, 5% power supply is measured, where 
phase A = -90° and phase B = -180°. The above voltages and frequencies are meas- 
ured twice, once at the lower limit and once at the upper limit of prime power input. 


The LGC +4 and +14 vde power supplies are checked at the test selector for out of 
tolerance outputs, using the interface load test and the CROSSBAR CONTROL. 


7-2.3.6 Gimbal Response Test. The gimbal response test measures the amount of 
torque motor current required to keep a gimbal moving and detects the frictional re- 
straints of a gimbal. Also included with the gimbal response test is a step response 
test used to verify stabilization loop response after displacing the IRIG floats from 
null, 


A master initialization is established per JDC 12613. To prevent unnecessary 
cycling of the gyro torque enable relay, bit 2 of location 00370 is set to logic 1 {contin- 
uous gyro torque enable). 


Before gimbal torquing begins, static loop parameters of the following signals are 
measured: the in-phase gimbal error signal for each gimbal and the total voltage of 
the gimbal torque drive amplifiers for each gimbal. 


1RIG torquing signals are supplied by the LGC through commands received through 
the DSKY, and the outer and inner gimbals are rotated plus and minus 360 degrees and 
the middle gimbal is rotated plus and minus 135 degrees. During the slew periods the 
fine and coarse CDU errors and gimbal torque motor current are monitored on the 
oscillograph to verify gimbal response and CDU operation. 


The IRIG floats are initially displaced from null by applying 10, 5, and 5 vde step 
inputs to the test input of the gimbal servo amplifier. The signal is removed after 
reaching a steady state. The time required for the servo error to reach a constant 
value is measured as an indication of loop response (within 5% of steady state value 
not exceeding 0.1 second). The number of overshoots after the test signal is removed 
are counted as a measure of loop stability. The number of oscillation peaks occurring 
before reaching and staying within the 5% band are measured, To measure response 
time and number of oscillations (a measure of damping coefficient), the oscillograph is 
set to a sensitivity which gives a 1 mm deflection equal to 5% of the steady state value. 


7-2.3.7 LEM Signal Conditioner Functional Test. This test description will be incor- 
porated upon completion of in-process revisions. 

7-2.3.8 LGC Output Test. This test checks the discrete outputs of the RCS jet and 
SCS command interface, and the pulse train outputs of the main engine command, 


altitude meter, landing radar, rendezvous radar, and downlink interface. 


The semi-automatic interface check and high speed radar sampling test routines 
check a portion of the input-output control circuitry. Evaluation of these checks is 
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performed by observing the frequency and waveform measurements on the CTS and ob- 
serving the DSKY and DCVM. Interfaces checked during the semi-automatic interface 
test are as follows: 

1) Pitch, yaw, and roll RCS jets 

2) Engine on and engine off 

3) Pitch and roll gimbal trim 


4 


— 


LR position command 


5} RR enable automatic track 


= 


6) Increase and decrease throttle rate for descent engine commands 
7) Altitude meter 


8) Altitude rate meter 


— 


The sequence for checking these interfaces is programmed so that, once the test is 
initiated, the test advances from one phase to another by pressing ENTR. 


During the high speed radar sampling test, the LGC/LR and LGC/RR waveforms 
and frequencies are measured. The CTS oscilloscope and counter are used to measure 
waveform characteristics and time lag between various pulses. All Signals measured 
are selected on the channel S and T signal selector switches of the CTS XY interface 
panel. In addition to waveform and time lag measurements, the LR and RR range and 
velocity data counters are addressed and the data ls displayed on registers 1 and 2. 


The CTS oscilloscope and counter are also used to measure waveform charac- 
teristics and time lag between various pulses of the downlink telemetry. 


7-2.3.9 LGC Input Test. This test checks all LEM S/C inputs to the LGC. Al11S/C 
inputs to in-bits of channels 16, 30, 31, 32, and 33 as well as the rotational hand con- 
troller and uplink data inputs are simulated by the CTS at the S/C interface. The re- 
Sults are checked by interrogation of LGC channels and registers. 


After master initialization per JDC 12613, all spacecraft input signals to in-bits of 
channels 30, 31, 32, 33 and 16 are simulated by the CTS at the S/C interface. This 
test is to insure that the S/C input signals are received by the LGC and, also, to insure 
that the signals create the desired response within the G&N system. Rotational hand 
controller input signals are also simulated by the CTS and the reaction within the G&N 
System is monitored for each signal. 


The uplink data input signals are tested by preparing an inlink tape, using the key- 
board in the tape prepare mode. The tape is prepared per instructions given in the 
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JDC. The tape is read (press EXECUTE) into the LGC inlink counter (erasable as- 
signment 00045). When overflow occurs (bit 16-1), pinball will display the contents on 
the DSKY. This test verifies that the uplink telemetry is being received by the LGC 
and that the G&N system is reacting accordingly. 


7-2.3.10 Semiautomatic Mode Test. This test is designed to verify the IMU CDU and 
RR CDU moding, CDU repeating accuracy, CDU command accuracy, CDU command 
rate, FDAI linearity test, and RR velocity meter test. The test is under LGC program 
control but provides operator control intervals to make analog measurements. 


The test is initiated by performing JDC 12613 and by entering sequence number 
09010 allocated for the semiautomatic mode check. VERB 33 always appears in the 
VERB window during the test; the NOUN window indicates the number of the program 
sequence being accomplished. The program is moved from one sequence to the other 
by Bressing ENTR. NOUN 03 flashing indicates that the IMU has been coarse aligned 
to 0°. 


The IMU 1X resolver sine in-phase and total nulls are checked first. The 1MU 
1X resolver sine and cosine outputs are checked at gimbal angles of 45°, (NOUN 04 
flashes when the gimbals are coarse aligned to 45°.) The phase angle of each output 
with respect to the 800 eps reference and the phase difference between the sine and 
cosine outputs are determined. The CDU repeating accuracy at 45° is checked by 
placing the system in the fine align mode, waiting 90 seconds, and then reading the 
CDU angles. The IMU zero mode is entered after which the IMU is returned to the 
fine align mode. The difference in the initial and present CDU angles is a measure of 
the CDU repeating accuracy. Entering VERB 33 now causes the IMU gimbals to be 
coarse aligned to 90° in order to check the IMU gimbal 1X resolver cosine in-phase 
and total nulls. 


The CDU command accuracy test at 135° is now entered by pressing ENTR. The 
IMU gimbal angles are displayed on the DSKY, verifying that the CDU's can be com- 
manded to 135°, Pressing ENTR again causes the IMU gimbals to coarse align so that 
the outer and inner gimbals are at 135° and the middle gimbal is at 45°, in preparation 
for the CDU repeating accuracy test. Note that gimbal lock is avoided. Pressing 
ENTR again results in the samme sequence as that given above for CDU repeating ac- 
curacy for 45°. Entering VERB 33 at this point causes the middle gimbal to coarse 
align to 719 to check gimbal lock limit. The CDU command accuracy at 225° is 
checked by pressing ENTR. When the IMU gimbals are coarse aligned to 225°, 
NOUN 13 flashes. The phase of the IMU 1X resolver outputs with respect to the 
800 cps reference is determined. After pressing ENTR again, NOUN 14 flashes, indi- 
cating that the IMU gimbals are coarse aligned to 0° in preparation for the CDU com- 
mand rate test. 


ENTR is pressed again to initiate the IMU CDU command rate test. The middle 
gimbal is commanded to coarse align at 170° during which time the program deter- 
mines the average command rate. This rate is determined by measuring the time 
lapse between the first CDU read counter pulse at 10° and the last at 160°. The CDU 
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command rate is then calculated by dividing the differences in CDU indications by the 
elapsed time between the two angles. The results are displayed and the test is re- 
peated for the other two CDU's. 


CDU command accuracy test at 315° is initiated by entering VERB 33. The IMU 
gimbals are coarse aligned to 315° and then NOUN 20 flashes. Pressing ENTR again 
results in the same sequence as that stated above for CDU repeating accuracy at 45°. 


Entering VERB 33 causes the inner and outer gimbals to coarse align to 225° and 
the middle gimbal to coarse align to 289°. This sequence checks the gimbal lock 
limit. If the system under test uses Aurora 85, pressing ENTR results in a CDU re- 
peating accuracy test at 225°, The sequence for this test is the same as that stated 
above for CDU repeating accuracy at 45°. If the system under test uses Aurora 88, an 
extra step has been included which first coarse aligns the middle gimbal to 0° while 
the inner and outer gimbals are coarse aligned at 225°, VERB 33 and NOUN 23 flash 
when the gimbals are coarse aligned with the outer and inner gimbals at 225° and the 
middle gimbal at 0°, Pressing ENTR then tests the CDU repeating accuracy at 225°. 
VERB 05 and NOUN 30 flash when the repeatability test is complete. 


Entering VERB 33 causes the system to proceed to the IMU CDU fine fail test. 
In this test the IMU gimbal angles are coarse aligned to zero and the CDU's are 
zeroed. The operator then commands the IMU to fine alignto 1°. The zero CDU 
discrete is set causing the CDU fine error fail gate to energize and set bit 12 of chan- 
nel 30 (IMU CDU FAIL) to zero. Entering VERB 33 causes the system to proceed to 
the IMU CDU coarse fail test. When the program requests, the operator loads into the 
DSKY tbe gimbal angles to which the IMU is to be aligned (37.5°). The IMU is then 
fine aligned to this angle. The CDU under test is zeroed causing the CDU coarse 
error fail gate to energize and set bit 12 of channel 30 to zero. 


Entering VERB 33 causes the system to proceed to the FDAI linearity test. In 
this test the IMU CDU's are moded to error counter enable so that the LGC can com- 
mand the FDAI interface through the CDU DAC's. The first angle command (17°) is 
then issued to the CDU DAC's. The three IMU CDU DAC outputs are independently 
monitored on the PAVM for each of the angular commands (+179, +6°, 0°, -6°, -16°, 
-17°) issued by the LGC. The angular commands are selected to demonstrate the 
saturation limits and linearity of the DAC's. The phase of the DAC output is deter- 
mined with respect to the 800 cps reference at +6° in accordance with interface con- 
trol documents. 


The RR CDU command accuracy test is the next test. However, this test is not per- 
formed in the lab since the gimbal resolver circuit tester can only command either the 
shaft or trunnion, but not both; the program commands both. VERB 21, NOUN 01 and 
addresses 02550 and 00041 (00042 for Aurora 88) are entered, causing the LGC to skip 
the program controlled sequences for this test. A manual RR CDU command accuracy 
test is performed at the end of the programmed semiautomatic mode test. 
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Pressing ENTR initializes the RR velocity meter test. For this test, bit 6 of 
channel 30 (display inertial data discrete) must be set on the computer test set to 
switch the RR CDU dc outputs to the velocity meter interface. Each velocity command 
is initiated by pressing ENTR. 


7-2.3.11 IMU Performance Test. This test determines three 1RIG coefficients: bias 
drift (BD), drift due to acceleration along the input axis (ADIA), and drift due to accel- 
eration along the spin reference axis (ADSRA). In addition, the PIPA scale factor (SF} 
and PIPA bias (Ap) are determined. The P1PA precision voltage reference (PVR) and 
PIPA torque current are measured. The test is computer controlled and requires Six 
IMU positions to determine all parameters. 


After a master initialization has been established per JDC 12613, with the rotary 
table tilt axis set to 90° and the rotary axis set to 150° (simulates spacecraft attitude), 
the PIPA PVR and the P1IPA torque current are measured. VERB 57 (perform system 
test) and 00001 are entered into the DSKY; the computer is programmed to display on 
the DSKY an azimuth of 0 degree (row 1) and the latitude of the site where the test is 
being performed (row 2). VERB 33 (proceed without data) is entered into the DSKY, 
initializing the computer for test position 1. The DSKY indicates +00600 in row 1 
(time of horizontal drift test), +00000 in row 2 (indicating the navigation base is in the 
spacecraft orientation), and +00001 in row 3 (test position 1). Again VERB 33 is en- 
tered into the DSKY, causing the computer to fine align the IMU to test position 1 
orientation for the +NBDy test (IGA = 0°, MGA = 0°, and OGA = +90°). After approxi- 
mately 12 minutes, VERB 06 and NOUN 66 flash and the Y 1RI1G bias drift is displayed 
in row 2 of the DSKY in meru. VERB 33 is entered into the DSKY again, this time 
initializing the computer for the +X PIPA scale factor test. In approximately 300 sec~ 
onds, VERB 06 and NOUN 66 flash, the +X PIPA output is measured, and the results 
are displayed on DSKY registers row 1 and row 2 in cm/sec*. VERB 34 (terminate) is 
entered into the DSKY, causing the computer to terminate test position 1 and advance 
to test position 2. After VERB 06 and NOUN 66 flash, the DSKY indicates +00600 in 
row 1, +00000 in row 2, and +00002 in row 3. The program is advanced again by enter- 
ing VERB 33, fine aligning the IMU to test position 2 orientation for the +BDZ test 
(IGA = +180°, MGA = 0°, and OGA = +180°). After approximately 12 minutes, VERB 06 
and NOUN 66 flash and the Z IRIG bias drift is displayed in row 2 of the DSKY. VERB 
33 is entered into the DSKY, programming the computer for the -X PIPA scale factor 
test. In approximately 300 seconds VERB 06 and NOUN 66 flash, the -X PIPA output 
is measured, and the results are displayed in DSKY registers row 1 and row 2 in 
em/sec?. Again VERB 33 is entered into the DSKY, advancing the program for meas~ 
urement of the vertical coefficient of the X IRIG (-BDx + ADIAx). Approximately 
67 minutes later, VERB 06 and NOUN 66 flash and the X 1RIG term is displayed on 
DSKY register row 2 in Meru. 


Test positions 3 and 4 are similar to test positions 1 and 2. In test position 3, the 
horizontal coefficient -BDx is calculated and the +Z PIPA scale factor is calculated. 
In position 4, the horizontal coefficient +BDy + ADSRAy is calculated, the -Z PIPA 
sesle factor is calculated, and the vertical coefficient of the Z IRIG (+BDZ + ADIAZ) is 
calculated. In position 3, the IMU is fine aligned to IGA = -90°, MGA = 0°, and OGA = 
+180°, In position 4, the IMU is fine aligned to IGA = +90°, MGA = 0°, and OGA = +90°. 
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Test positions 5 and 6 again are similar to test positions 1 and 2. However, for 
test positions 5 and 6, the rotary table tilt axis is set to 0 degree. In test position 5, 
the horizontal coefficient +BDz - ADSRAZ is calculated and the +¥ PIPA scale factor 
is calculated. In position 6, the horizontal coefficient +BDx + ADSRAx is calculated, 
the ~Y PIPA scale factor is calculated, and the vertical coefficient REDS + ADIAy is 
calculated. In position 5, the 1MU is fine aligned to IGA = -90°, MGA = 0°, and OGA = 
+90°, In position 6, the IMU is fine aligned to IGA = +180°, MGA = 0°, and OGA = -90°, 


7~2.3.12 RR/CDU Modi Test. This test provides procedures that check RR/CDU 
zero accuracy, RR/CDU designate capability, RR/CDU tracklng accuracy and ambi- 
gulty, RR/CDU resolver and coarse-fine error Interface, and RR/CDU fail. The 


RR/CDU moding test is evaluated by interrogating LGC channels and by measuring 
ECDU outputs using the resolver circuit tester (RCT) to simulate RR inputs. 


The RR designate capability test is initiated by setting the RCT resolver angle 
transmitter to simulate trunnion CDU angles of 45°, 240°, and 315°. RR coarse align 
is commanded for each angle, and incrementing pulses equivalent to the respective 
angles are transmitted from the LGC to the CDU causing the CDU error counter to 
develop a D/A error output. The RCT resolver angle transmitter output is then ap- 
plied to the CDU, and the read counter counts up or down to repeat the RCT resolver 
angle. As the read counter counts, feedback pulses are supplied to the CDU error 
counter causing it to count down and reduce the D/A error output. When the coarse 
align process is completed as indicated by the DSKY displaying VERB 33, the D/A 
error counter should have returned to its null value. The selector switch on the RCT 
is moved to simulate shaft angles of 45°, 240°, and 315° and the above procedure is 
repeated. 


The RR/CDU tracking accuracy and ambiguity is checked with the resolver angle 
transmitter set to simulate RR shaft and trunnion angles of 240°, RR coarse align to 
240° is commanded and the RR/CDU shaft and trunnion channels must be capable of 
repeating the simulated 240° angle within tolerances specified by the JDC. Also, the 
shaft and trunnion counters in the LGC must indicate the simulated 240° angle to the 
tolerance specified by the JDC. 


The RR/CDU resolver and coarse-fine error interface test is initiated with the 
RCT resolver angle transmitter set to simulate a shaft angle of 240°, The RR shaft 
1X sine and 1X cosine and the shaft coarse error signals are measured at TPA-2. 
The 1X sine and cosine signals must be -24.2 volts rms and ~14.0 volts rms respec~ 
tively. The shaft coarse error signal should be at null. The selector switch on the 
RCT is moved so that a trunnion angle of 240° is simulated and the above measure- 
ments are repeated. The requirements are the same for both shaft and trunnion. 


To initiate the shaft and trunnion 16X resolver interface test, the RCT resolver 
angle transmitter is set to simulate a shaft angle of 2.8129. The RR shaft 16X sine 
and 16X cosine and the RR shaft fine error signals are measured at TPA-2. The 
16X sine and Cosine signals must be 3.535 volts rms with tolerances specified by the 
JDC. The shaft fine error signal should be at null. The selector switch on the RCT is 
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set so that a trunnion angle of 2.812° is simulated and the above measurements are 
repeated. The requirements are the same for both shaft and trunnion. 


The RR/CDU fail test determines that CDU fail occurs with a difference of 1.0° 
(fine error) or 33.759 (coarse error) between the CDU read counter and the RR gimbal 
resolver. This test is accomplished by setting the RCT resolver angle transmitter to 
simulate CDU shaft and trunnion angles of 1.0°, RR coarse align to 1.0° is com- 
manded. By performing DSKY operations indicated in the JDC and by rotating the re- 
solver angle transmitter control to approximately +22.5°, bit 7 of channel 30 is at a 
"0" state and row 1 of DSKY indicates XX3XX. This indication verifies that the RR/CDU 
fail occurred within specifications. 


7-2.3.13 IRIG Scale Factor Test. The IRIG scale factor test determines the accuracy 
of stable member response to torquing. IRIG scale factor is defined as the amount of 
stable member angular rotation about an IRIG input axis resulting from a known IRIG 
torque input from the LGC. 


During this test the effect of earth rate on an IRIG is minimized by aligning the 
IRIG input axis to be tested along an east or west direction. The test is run three 
times, and the average plus and minus scale factor error is calculated for each gyro. 


The test is initiated by entering VERB 57 (perform system test) and 00005 (IRIG 
scale factor test) into the DSKY. The selected program displays the following on the 
DSKY: VERB 6 (decimal display), NOUN 61 (target azimuth and elevation), navigation 
base azimuth in row 1, and the site latitude in row 2. If the navigation base azimuth 
and site latitude are correctly displayed, VERB 33 (proceed without data) is entered 
into the DSKY. If the information is incorrect, it is updated before entering VERB 33. 


After an IRIG test position is entered into the DSKY, the gyro drift enable discrete 
(bit 6 of channel 14) is set to turn on the gyro power supply and allow computer pulsing 
of the gyros. The system is automatically sequenced through CDU zero, coarse align, 
and fine align ending with the selected IRIG aligned east or west, another IRIG aligned 
north or south, and the remaining IRIG in a vertical alignment. 


The computer loads the gyro counter with 16,383 pulses (equivalent to 2.8125 de- 
grees of stable member rotation}. Each gyro torquing pulse issued decrements the 
gyro counter by one. 


At the first loading of the gyro counter, the computer allows the IRIG to be pulsed 
for two periods of 320 milliseconds each and reloads the gyro counter with the first set 
of pulses between the two loading periods. This operation allows a total of 2048 pulses 
or 0,3515 degree of gimbal rotation and insures that the CDU is on the linear portion 
of the CDU error curve when the test starts. 


The computer CDU counter is zeroed and the CDU is monitored for the first pulse 
resulting from the above torquing. When the first CDU pulse is detected, the contents 
of the gyro counter are stored and 2048 CDU counts (with a polarity opposite that of the 


7-23 Rev. N 


ND-1021042 


LEM PRIMARY SUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


first pulse) are placed in the CDU counter. Note: Aurora 8&5 stores 2047 CDU counts. 
Thus, as the IRIG is pulsed by the gyro counter causing a change in stable member 
orientation and CDU angle, the CDU counter approaches zero. 2048 CDU pulses cor- 
respond to 22.5 degrees of gimbal movement. 


The IRIG that is aligned north or south and the IRIG that is aligned vertically sense 
calculable portions of earth rate and the loop response forces the stable member to 
move, thus causing the IRIG under test to be moved from its east or west alignment. 
This results in the IRIG under test sensing a portion of earth rate and introduces an 
error into scale factor measurements. Therefore, after the first gyro counter de- 
crementing and every other time thereafter, the computer returns the north or south 
IRIG and the vertical IRIG to their original positions. 


During the entire test, the gyro counter is reloaded with 16,383 pulses for eight or 
nine times after it decrements to zero. By the end of this time, the gimbal should 
have moved 22.5 degrees and the CDU counter should have decremented to zero. If the 
CDU counter does not go to zero after the gyro counter is reduced the ninth time, alarm 
number 1411 is displayed to indicate that the scale factor error is too large or the CDU 
does not function. 


If the CDU counter goes to zero on the eighth or ninth time, the gyro counter 
content is saved. With a perfect IRIG scale factor, the final content of the gyro counter 
equals the initial content and the scale factor error is zero. The difference between 
the initial and final gyro counter content is obtained and the scale factor error is 
calculated as follows: 


The +scale factor error is equal to initial gyro counter error minus final gyro 
counter content times 1/7.6. 


The -scale factor error is equal to 37777 minus difference between the initial and 
final gyro counter content times 1/7. 6. 


where 1/7.6 is the scale factor constant that converts the difference in initial 
and final gyro counter readings to parts per million error, 


The DSKY displays VERB 06 and NOUN 66 with the + scale factor (in parts per 
million) displayed in row 1. 


The three tests are averaged; for Aurora 85 they are also corrected by subtracting 
a constant of 556 from the average. 


7-3 INERTIAL SUBSYSTEM 


7-3.1 PREPARATION. Table 7-IIl lists the cables and interconnections required of 
the ISS. Refer to Table 7-I for a listing of PGNCS components and GSE necessary to 
perform an ISS test. 


7-3.2 CHECKOUT. The ISS master flowgram (figure 7-4) specifies the conditions 
leading to an ISS checkout. Detailed flowgrams (figures 7-5 and 7-6) give sequential 
listings of JDC's to be performed. Refer totable 6-III for JDC's to be used if operating 
procedures for GSE test equipment are required during performance of 1SS checkout 
JDC's. 
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7-4 COMPUTER SUBSYSTEM 


7-4.1 PREPARATION. Refer to table 7-I for a listing of PGNCS components and GSE 
required to perform a CSS checkout. Table 7-IV lists the cables and interconnections 
used to connect the CSS and GSE during CSS checkout. 


7-4.2 CHECKOUT. The CSS master flowgram (figure 7-7) specifies the conditions leading 
to a CSS checkout. Detailed flowgrams give sequential listings of JDC's to be performed. 


7-5 ALIGNMENT OPTICAL TELESCOPE 


7-5,1 PREPARATION. Refer to table 7-I for equipment required to perform an AOT 
checkout. 


7-5,2 CHECKOUT. The AOT master flowgram (figure 7-10) specifies the conditions 
leading to an AOT checkout. Detailed flowgrams (figures 7-11 and 7-12) give sequen- 
tial listings of JDC's to be performed. 


7-6 SIGNAL CONDITIONER ASSEMBLY 


7~6.1 PREPARATION. Refer to table 7-1 for equipment requiredto perform an SCA 
checkout. 

7-6.2 CHECKOUT. The SCA master flowgram (figure 7-13) specifies the conditions 
leading to an SCA checkout and gives sequential listings of JDC's to be performed. 
Upon completion of checkout, prepare the SCA for storage or PGNCS checkout in ac- 
cordance with figure 7-13. 


7-7 PRE-INSTALLATION ACCEPTANCE 


PIA tests are performcdon all spare components prior to installing the spare in the 
spacecraft. PIA tests are not required for spare components to be installed in a PGNCS 
in the laboratory. PIA tests and procedural requirements are listed in table 7-V. Per- 
form the procedures in the sequence given for the applicable component. Auniliary air- 
borne equipment can be used to complete a test setup. (See paragraph 8-11.) 


Table 7-I, Equipment Required for Checkout 


Equipment 


| PGNCS | SS_[ css [AOT | SCA 
PGNCS COMPONENTS 


X 
x 
x 
x 
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AOT 
CDU 
CCRD 


PGNCS interconnect harness group 
(LEM) 


IMU and PTA 
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Table 7-1. Equipment Required for Checkout 


Equipment Used in 


a 


DSKY 
PSA 
SCA 


GSE 
AGC/GSE interconnect cables, PGNCS 
AGC/GSE interconnect cables, CSS 
AGC handling fixture 

AGC/OC 

AOT certification kit 

AOTT 
AOT lens covers 
AOT transparent dome protector 
Auxiliary calibration system 
Calibration system 

Component mounting plate 
Computer simulator 

Coolant and power console 
Connector cover set 


Connector covers 

CTS 

Degausser 

DSKY handling fixture 
DSKY pedestal mount 
G and N transport cart 
GSE coolant hoses 
GSE distribution box 
IMU lifting and handling fixture 
Lifting temperature controller 
IMU mounting fixture 
IMU pressure seal tester 
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Table 7-I. | ee Required for Checkout 


Equipment @ 
TT Canon 
Table 7-IA. PGNCS Interconnect Harness Group Connections 


(PGNCS Checkout) 
. a oe 


eed SCA breakout 
45J19 PSA 
40J53 CDU 
05A1J1* LGC 
P3 Cable W143 


Ma 
| 


IMU snap-on bellows 


Interconnect cables 
Interconnect cables special (LEM) 


OIA 
Oscillograph 


Mm rm mM 


P and M interconnect set 
PSA test point adapter 
PTA/PEA mounting fixture 
PTA/PEA test point adapter 
Purging and filling fixture 
Resolver circuit tester 
Rotary table 

Rotary table calibration set 
SPCU 

Subsystem mounting fixture 
Theodolite 


mr mm mM OOM 


mM Pr Or OO 
4 
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Table 7-IA. PGNCS Interconnect Harness Group Connections 
(PGNCS Checkout} 


ng P5 Cable W131 
P6 Cable W131 
J1 Cable W137 
P2 Cable W131 
P4 Cable W131 
® Ps Cable W132 
P3 Cable W131 
P2 Cable W134 
P7 Cable W132 
PGNCS interconnect harness B P4 Cable W182 
P2 Cable W132 
Qe P3 Cable W132 
Pl Cable W134 
35A2J19 PTA 
35A1J2 IMU 
g 35A1J1 IMU 


Leeks Cable W120 


* May be designated as A51 
r ) ** This connection shall only be made as specified in the applicable JDC. 
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Table 7-Il. GSE Interconnect Cable Connections (PGNCS Checkout) 


Cable 
Designation 


Equipment 


1900886 OIA 


Oscillograph 
1900669 OIA 

Oscillograph 
1900670 OIA 


Oscillograph 


O1A 
Oscillograph 


1900671 


OIA 
Coolant and power console 


1900873 J20 


J3 


O1A 
CTS (Diagnostic tests only) 


OIA (ac power protection panel) 
Wall power 


1902610 323 


J6 


A30J1 
facility 


1900921 


1900871 A30J2 


Jl 


OIA {ac power protection panel) 
Coolant and power console 


1900872 J2 Coolant and power console 


facility Wall power 
1901404 El OIA 
E4 Oscillograph 


1901662 | Connected between E300 on rotary table and facility 


ground. 


1901676 | Pi | El G and N mounting fixture base 
P2 E300 Rotary table 

1900739 Pl J4 Current source monitor 
P2 J15 PTA test point adapter 


Connected between E2 on G and N mounting fixture 
cradle and El on G and N mounting fixture base. 


Connected between E1 on PTA/PEA coldplate and E300 
on rotary table. 
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Table 7-Ii. PGNCS Interconnect Cables 


Terminations 
(Plug/Jack) 


OIA 
Oscillograph 


1900873 OTA 
Coolant and power console 


1900959 P1/J23 OA 
P2/I5 CTS 
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Table 7-II. GSE Interconnect Cable Connections (PGNCS Checkout) 


a a CC 


Cable Part Plug Jack Equipment 
Designation | Number 


_———— ee 


1901960 A30J5 OIA (ac power protection panel) 
facility Emergency wall power 


2900456 OIA 
PGNCS interconnect harness B 


2900257 OIA 
OIA 
OLA 
OIA 
OIA 
GSE distribution box 


2900378 OLA 
O1A 
O1A 
O1A 
GSE distribution box 
GSE distribution box 
GSE distribution box 


GSE distribution box 


2900379 


GSE distribution box 
GSE distribution box 
GSE distribution box 
GSE distribution box 


2900380 OIA 
OIA 
O1A 
GSE distribution box 
GSE distribution box 
GSE distribution box 
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Table 7-ll. GSE Interconnect Cable Connections (PGNCS Checkout) 


Cable Part Plug Jack 
Designation | Number 


2901389 


GSE distribution box 
GSE distribution box 
GSE distribution box 


2900381 


GSE distribution box 
GSE distribution box 
GSE distribution box 


First cable connected between E1 on OIA and E300 
on rotary table. 


W127 
(2 re- 
quired) 


2900327 


Second cable connected between E80 on OJA and El 
on GSE distribution box, 


First cable connected between E2 on GSE distribution 
box and E300 on rotary table. 


W128 
{2 re- 
quired) 


Second cable connected between El on subsystem 
mounting fixture and E300 on rotary table. 


Wwi29 
(2 re- 
quired) 


2900459 First cable connected between E1 on subsystem 


mounting fixture and E3 on GSE distribution box. 


Second cable connected between El on subsystem 
mounting fixture and E2 on component mounting 
plate, 


2900460 


Connected between El on coolant and power console 
and E300 on rotary table. 
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Table 7-ll. GSE Interconnect Cable Connections (PGNCS Checkout) 
Cable Part Plug Jack Equipment 
Designation | Number 


6900144 J13 GSE distribution box 
J16 GSE distribution box 


J224 (56P12) SMF 
J217 (56P10) SMF 
J220 (56P6) SMF 
J219 (56P7) SMF 
CTS 
CTS 
SMF 


GSE distribution box 


Not used 
PGNCS interconnect harness B 
PGNCS interconnect harness B 
PGNCS interconnect harness B 
PTA test point adapter 

Not used 

PGNCS interconnect harness B 
PGNCS interconnect harness B 
GSE distribution box 

GSE distribution box 


2901238 


56P17 
56P15 (J226) 
J2 


56P14 (J216) 
56P11 (J223) 
J14 
J18 


2901237 56P18 


56P13 (J215) 


PGNCS interconnect harness B 
PGNCS interconnect harness A 


6900024 GSE distribution box 
CCRD 


CCRD 


2900461 GSE distribution box 
GSE distribution box 
PSA test point adapter 


PSA test point adapter 


6900099 GSE distribution box 


PGNCS interconnect harness A 


56P8 (J222) 


6900134 GSE distribution box 


Sig cond module brk-out box 


J26 
A 


(Sheet 4 of 6) 


Rev. S$ te 


ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, MAVIGATION, AND COMTROL SYSTEM 


Table 7-li. GSE Interconnect Cable Connections (PGNCS Checkout) 


Cable Part Jack Equipment 
Designation | Number 


6900004 GSE distribution box 
PGNCS interconnect harness A 


Coolant and power console 
GSE distribution box 


2900457 


6900137 Sig cond module brk-out box 
or W157 
PSA test point adapter 


PSA test point adapter 


6900025 DSKY 
GDB 


PGNCS interconnect harness A 


6900006 


PTA test point adapter 
PTA 


6900153 


Signal conditioner module 
Wwi42 


2014137- 
021 


LGC 
Buffer circuit assembly 
Buffer circuit assembly 
Buffer circuit assembly 


2014483- 
Oli 


W131 
CTS 
CTS 


2014484- 
011 


W131 
CTS 
CTS 
CTS 


2014463- 
011 


Buffer circuit assembly 
CTS 
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Table 7-11. GSE Interconnect Cable Connections (PGNCS Checkout) 


Cable Part Jack Equipment 
Designation | Number 


2014462- Buffer circuit assembly 
011 CTS 


2014462- 
021 


Buffer circuit assembly 
CTS 


2014462- 
031 


Buffer circuit assembly 
CTS 


2014470- 
011 


Calibration system 
Digital ohmmeter 
Digital ohmmeter 
LGC buffer assembly 
LGC buffer assembly 
W232 

Digital ohmmeter 
Digital ohmmeter 
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19008 86 OIA 


Oscillograph 


1900669 OIA 
Oscillograph 
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Table 7-I0. Inertial Subsystem Interconnect Cables 


Part Terminations Equipment 
Number | (Plug/Jack) | Jack) 


Tr -1900670—s| 


1900671 


1900873 


1900921 


1900871 


1900872 


1901404 


1901662 


1901676 


1900739 


1901960 


2900456 


2900257 


* Not used at GAEC 


P2/J3 


P1/J4 
P2/J4 


P1/J20 
P2/J3 


P1/A 3031 


P2/facility 
P1/A30J2 


P2/J1 


P1/J2 
P2/facility 


P1/E1 
P2/E4 


P1/facility 
P2/E300 


P1/E1 
P2/E300 


P1/J4 
p2/J15 


P1/A3035 


P2/facility 


P1/J19 
P2/J1 


P1/J8 
P2/J9 
P3/J13 
P4/J14 
P5/J15 
P6/J57 
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Coolant and power console 


OIA (ac power protection 


panel, FTR) 
Wall power 


OIA (ac power protection 


panel, FTR) 


Coolant and power console 


Coolant and power console 
Wall power 


OIA 
Oscillograph 


Facility ground 


Rotary table 


G and N mounting fixture 


Rotary table 


Current source monitor 


PTA test point adapter 


OIA {ac power protection 


panel, FTR) 


Emergency wall power 


OFA 
W146 


OTA 
OIA 
OIA 
OIA 
OIA 


GSE distribution box 
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Table 7-Il. Inertial Subsystem Interconnect Cables 


Cable Part Terminations Equipment 
Number ay | Plug/Jack) | Jack) 


2900378 P1/J18 
& P2/J17 ae 
P3/J16 OIA 
P4/J22 OTA 
P5/J55 GSE distribution box 
P6/J59 GSE distribution box 
P7/J62 GSE distribution box 
P8/J58 GSE distribution box 
2900379 ey a2 1 
P2/J24 
P3/J25 
P4/J26 
P5/J60 GSE distribution box 
P6/J63 GSE distribution box 
~*~ P7/J66 GSE distribution box 
P8/J67 GSE distribution box 
2900380 Pi/J5 OIA 
P2/J6 OIA 
P3/J7 OIA 
P4/J64 GSE distribution box 
P5/J61 GSE distribution box 
P6/J65 GSE distribution box 
2901389 P1/J28 
P2/J29 
P3/J30 
P4/J50 GSE distribution box 
P5/J51 GSE distribution box 
. + P6/J54 GSE distribution box 
2900381 P1/J10 
P2/J11 
P3/J12 
P4/J52 GSE distribution box 
P5/J53 GSE distribution box 


P6/J56 GSE distribution box 
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Tabls 7-I0. Insrtial Subsystem Interconnect Cables 


Cable Part Terminations Equipment 
Numbsr (Plug/Jack) 


W127 (2 2900327 First cable connected between E1 on OITA and 
required) E300 on rotary tabls. 


Second cable connected between E80 on OIA 
and El on GSE distribution box. 


W128 (2 2900458 First cable connected between E2 on GSE 
required) distribution box and E300 on rotary table. 


Second cable connected between El on sub- 
system mounting fixture and E300 on rotary 
tables. 


W129 (2 2900459 First cable connected between E1 on sub- 
required) system mounting fixture and E3 on GSE dis- 
tribution box. 


Second cable connected between E1 on sub- 
system mounting fixture and E2 on subsystem 
mounting fixturs. 


2900460 P1/El Coolant and powsr console 
P2/E300. Rotary tabls 


2901238 Not used 
W146 
W146 
W146 
PTA test point adapter 
Not used 
GSE distribution box 
GSE distribution box 
GSE distribution box 

P10/J18 GSE distribution box 


6900161 P1/J1i GSE distribution box 
P2/J19 PSA 
P3/J53 CDU 
P4/J12 GSE distribution box 
P5/316 GSE distribution box 
P6/J15 GSE distribution box 
P7/J23 GSE distribution box 
P8/J19 GSE distribution box 
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Table 7-I. Inertial Subsystem Interconnect Cables 


Cable Part Terminations Equipment 
eae | (Plug /Jack) 


W133 P9/J20 GSE distribution box 

(cont) P10/333 GSE distribution box 
P11/J26 GSE distribution box 
P12/J1 PSA test point adapter 
P13/3215 Subsystem mounting fixture 


P1li/J2 PSA test point adapter 


P1/P18 
P2/J215 


W134 W146 


Subsystem mounting fixture 


2901237 


W136 2900461 P1/J24 GSE distribution box 
or P2/J28 GSE distribution box 
2907032 P3/I33 PSA test point adapter 


P4/J4 PSA test point adapter 


2900457 


W140 P1/J4 


P2/J34 


Coclant and power console 
GSE distribution box 


2901153 GSE distribution box 
IMU 

PTA coldplate 

Not used 

CDU coldplate 


PSA coldplate 


W141 P1/ALI3 


W144 6900006 PI/J1 


P2/35A2518 


PTA test point adapter 
PTA 


W146 2900351 P15/P4 W132 
P16/P2 W132 
P17/P3 W132 
P18/P} W134 
P19/35A2J19 PTA 
P20/J32 IMU 
P21/J1 IMU 


J1/P2 W120 


(Sheet 5 of 5) 


Rev. AC 7-13 


ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


Table 7-IV. Computer Subsystem Interconnect Cables 


Cable Part Terminations Equipment 
Number (Plug/Jack) 
a a _ 


W212 1006482-001 P1/37 AGC/OC 
P2/J1 CTS 
W213 1006482-002 P1/I8 AGC/OC 
P2/J37 CTS 
W214 1006482-003 P1/J9 AGC/OC 
P2/J13 CTS 
W215 1006482-004 P1/J4 AGC/OC 
P2/32 CTS 
W216 1006482-005 P1/35 AGC/OC 
P2/J8 CTS 
W217 1006482-006 P1/J6 AGC/OC 
P2/J14 CTS 
W218 100648 2-007 P1/J11 AGC/OC 
P2/J3 CTS 
W219 1006482-008 P1/J12 AGC/OC 
P2/J39 CTS 
W 220 1006482-009 P1/J10 AGC/OC 
P2/515 (ane 
W221 1006 482-010 P1/Jl AGC/0C 
P2/J310 CTS 
W222 100648 2-011 P1/J2 AGC/OC 
P2/J16 CTS 
W223 1006482-012 P1/33 AGC/OC 
P2/J4 CTS 
*W226 2014137-021 P1/Test Conn. LGC 
P2/J4 Buifer circuit assembly 
P3/d5 Buffer circuit assembly 
P4/I6 Buffer circuit assembly 


*This cable part of G and N Test Interconnection Set (2014255-05 1) 
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Table 7-IV. Computer Subsystem Interconnect Cables 


Cable Part Terminations Equipment 
Number (Plug/Jack) 


P1/S/C Conn. 


W227 2014199-021 LGC 


P2/J2 AGC/Oc junction panel assembly 
P3/J3 AGC/Oc junction panel assembly 
P4/J4 AGC/Oc junction panel assembly 
P5/J5 AGC/OC junction panel assembly 
P6/J1 AGC/OC junction panel assembly 
*W 236 2014463-011 P1/J1 Buffer circuit assembly 
P2/J5 CTS 
*W237 2014462-011 P1/J2 Buffer circuit assembly 
P2/J11 CTS 
*W238 2014462-021 P1/J3 Buffer circuit assembly 
P2/J17 S (Gas: 
4#W239 2014462-031 P1/J9 Buffer circuit assembly 
P2/J18 CTS 
¥W 259 2014470-011 P1/CP1 Calibration system 
P2/HI Digital ohmmeter 
P3/LO Digital ohmmeter 
P4/JI7 Buffer circuit assembly 
P5/J8 Buffer circuit assembly 
P6/J6 AGC/OC junction panel assembly 
P7/HI Digital ohmmeter 
P8/LO Digital ohmmeter 


2014486-021 


P1/J9 
P2/J1 


DSKY 
AGC/OC 


*These cables part of G and N Test Interconnection Set (2014255-051) 
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Table 7-V. PIA Requirements 


Component Procedures for Subsystem Procedures for System 
Configuration Configuration 


Prerequisite: AOT checkout 
preparation, figure 7-11. 
PIA test: figure 7-12. 


Perform JDC 18830, Prerequisite: PGNCS check- 
out preparation, figure 7-2. 
PIA test: Perform JDC 
12689, 


Prerequisite: ISS test Prerequisite: PGNCS check- 

preparation, figure 7-5, out preparation, figure 7-2, 

PIA test: figure 7-14, PIA test: Perform JDC 
12685, 


IMU and PTA Prerequisite: ISS test Prerequisite: PGNCS check- 
preparation, figure 7-5. out preparation, figure 7-2. 
PIA test: figure 7-15, PIA test: Perform JDC 
12688. 


LGC and/or DSKY Prerequisite: CSS test Prerequisite: PGNCS check- 
preparation, figure 7-8. out preparation, figure 7-2. 
PIA test: figure 7-9, PIA test: Perform JDC 
12686 for LGC and/or JDC 
12687 for DSKY, 


PGNCS interconnect Prerequisite: PGNCS 
harness "A" checkout preparation, 
figure 7-2, 
PIA test: Perform JDC 
12692, 


PGNCS interconnect Prerequisite: PGNCS 
harness "B" checkout preparation, 
figure 7-2, 
PIA test: Perform JDC 
12693, 
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z Table 7-V. PIA Requirements 


Component Procedures for Subsystem 
Configuration 


® Perform the following steps: 


Perform 28 VDC Filter 
Test, JDC-18831. 
Prerequisite: ISS test 
preparation, figure 7-5. 
PIA test: figure 7-16. 


Perform SCA checkout in 


accordance with figure 
7-13, 
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Procedures for System 
Configuration 


Prerequisite: PGNCS check- 
out preparation, figure 7-2. 
PIA test: Perform JDC 
12691, 


Prerequisite: PGNCS check- 
out preparation, figure 7-2. 
PIA test: Perform JDC 
12620. 
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COMPONENTS OF PONCS AFTER 
COMPLETION GF 183 TESTING IN 
OG AND N LAB, 


COMPONENTS OF SCHEDULED PGNCS 
FROM STOCK ARCOM AT KSC, GAEC, 
OR MSC 


COMPONENTS OF PGNCS SUSPECTED OF 
FALLURE FROM NSC SPACECRAFT 
ABSEMBLY AREA 


COMPONENTS OF PONCS SUSPECTED OF 
FAILURE FROM NSC ENVIRONMENTAL 
CONTROL SYSTEM TEST AREA 


COMPONENTS OF PGNCS SUSPECTEDOF 
FAILURE FROM KSC INTEGRATED 
SYSTEMS TEST AREA 


LEGEND 


"OR" GATE - FOLLOW ONE PATH OR 
THE OTHER (NOT BOTH) FOR ENTAY 
GR EXIT FROM GATE 


FUNCTION OR TASK 
DESCRIPTION 


PERFORM 
PARTIAL 
CHECKOUT 
PREPARATION 
(FIGURE 1-2 


PERFORM PARTIAL 
DISASSEMSLY FOR 
CHECKOUT ye 17001 


PERFORM PARTIAL 
OGASSEMBLY FOR 
CSS CIECKOUT 


JDC 1760! 


PRIOR! PAITETAL. 
PREPARATION POLL 
158 CIC ROUT 
JFIOURE 7-5) 


PERFORM PREPARATION 
FOR CSS CHECKOUT 
(FIGURE 19) 


TRANSFER TO STOCK 
ARCOM 


TRARSFER TO KC 
SPACECRAFT ABSEMBLY 
AREA 


TRANSE ER TO KxC 
EXVIHONMENTAL CON- 
THOL SYSTEM AREA 


TRANSFER TO KSC 
ALTITUDE TEST AREA 


» 
> PERFORM PERFORM CHECKOUT SRFORM PERIODIC oO 1ST 
COMPLETE {FIGURE 1~3) AND PER- OR SCHEDUL a CIECKOUT TOTAL 
CHECKOUT FOAM NECESSARY MAINTENANCE JAW DISASSEMBLY 
COMPONENTS OF PONCS SUSPECTED OF PREPARATION MAINTENANCE PANA 8-1 
FAILURE FROM KSC VERTICAL (FIGURE 7-2 (FIGURE 8-1} a . TRANSFER TO KC 
ASSEMBLY AREA y JDC 17601 INTEGRATED SYSTEMS 


COMPONENTS GF PGNCS SUSPECTEDOF 
FAILURE FROM GAEC INTEGRATED 
SYSTEMS TEST AREA 


COMPONENTS OF PGNCS SUSPECTED OF 
FAILURE FROM MSC INTEGRATED 
SYSTEMS TEST AREA 


COMPONENTS OF PGNCS SUSPECTED OF 
FAILURE FROM KSC ALTITUDE TEST 
AREA 


NOTES: AOT CHECKOUT 8 PER- 
FORMED SEPARATELY, 
SEE FIGURE 7-10, 


SCA CHECKOUT & 


TEST AEA 


TRARGFER TO KSC 
VERTICAL ASAE MBLY 
ABIEA 


TRANSFER TO GAEC 
INTEQRATED SYHTEMS 
TEST AREA 


TRANSFER TO Mac 


FERFORME CNTEGIATED SY@TE MS 
SE AT, 5 1.¥ TEA AREA 
FIGURE 7-13 


1$860F 


Figure 7-1, Primary Guidance, Navigation, 
and Control System Master Checkout 
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t 
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* FOLLOW ONE PATI OR THE OTHER 7 
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TION OR TASK 
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re tg re ys 


INSTALL (DU 


IDC - 14017 


INSTALL PSA 


IXSTALE INV DIU FIXTURE 


ALIGN X AND ¥ 


sDC-16013 
JBC- 16011 


ASD N COOLANT 
UPPLY TUN O; 
AND TURN O14 


LP’ G ANT N BYSTESI 
PASTVE TES 


G AND ® SYST 


LEVEL ROTAB 
5 CADLE L ction 


SDC + 126 


re 
TIQmny ye 


@== 


INSTALL PTA 


INSTALL ' 5" HAINESS 


PARTIAL 
PREPANATION 


CIWYLANT HOSE 


INSTALL LGC : 
( ONNECTIC 


COMPLETE 
PREPARATION 


INSTALL COMPUTER 
CONTROL AND INSTALL "A" ILAMNESS INSTALL DSKY 
RETICLE DIMER 
ASAE me-1x JDC +32 


i 


PREPARE GSE FOR 
LL.FM G ANT 
* ESTING 


TES 183050 
Ee a Figure 7-2, Primary Guidance, Navigation, 
4, PERFORA! JLC-25051 IF ONITC Y and Control System Checkout (?reparation 
SON CTS TAL » I * 
" ay Flowgram 


Rev. AD 7-19/7-20 


FROM 


FIGURE 7-1 


GENERAL USAGE JDCIS 


JDC 12419 MASTER INITIALIZATION 
JDC 12614 GENERAL SYSTEM TURN~ON 


JDC-12615 


AND 


STANDAY CONTROL 
TEST 


TURN-OFF 


(SEE NOTE }) 


FROM SCA MASTER CIUFCROUT 


FI 


OWGRAM (FIC 


1h 


LEGEND 


“AND” GATE - ALL INPUTS AND 
OUTPUTS REQUIRED 


FONCTION Of TASK 
DESCRIPTION 


OPFRRATE CONTROL 


TEST 


JDC «52610 
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Loc OtT PIT TEST 


JBC-12362¢ 


| 
1GC SEAN AUTO 
MODE TEST 
1 
i 


IRIG SCALE 
FACTOR TEST 


TO 


| 
| 
IDC 3627 
nw ew LEM G AND N SYSTESI 1” oan 
ND N SYSTEM ‘ Fe oer e Sait ONE DIU PRESSUI ND ee 
t PE ATIONAL SS cas ae VISUAL INSPECTION SVALT Finer 
TEST E 
12617 x 
ISU PERFORMANCE 
I “12024 
VSTEM CHECKOUT 
a 
‘6 
GDIBAL RESPONEE 
TEST 
NOTES: 
1, 1F IDLE TIME DN ISS STANDBY AIODE IS AVAILABLE, JDC=1262] AND/OR 12622 MAY BE PERFORMED PRIOR 
TO JDC-12616. 1F JDC-12621 AND/OR JDC-12622 ARE PERFORMED DURING THIS PERIOD, ESTABLISH 
MASTER INITIALIZATION CONDITION BY PERFORMING STEPS 10, 12, 13, 14, AND 15 OF JDC=12615. 
DISREGARD STEP 1 of JDC~-1262] AND JDC-12622, 
2. PERFORMANCE OF IMU PRESSURE TEST IS MANDATORY ONLY IF IMU PRESSURE SEALS HAVE BEEN 
DISTURBED, 
3, PERFORM JDC-18054 1F MONITORING OF DSKY ENTRIES ON CTS TAPE IS DES]JRED. 
iSSOTC 
avigation, 


Figure 7-3. Primary Guidance, N 
and Control System Checkout Flowgram 


Rev, AD 7-21/7-22 


(S93 SUSPECTED OF FAILURE DURING 
PGNCS CHECKOUT AT KSC, GAEC, 
OR SC 


COMPONENTS OF ESS SUSPECTED OF 
FAILURE FROM KSC SPACECRAFT 
ASSEMBLY AREA 


COMPONENTS OF (58 SUSPECTED OF 
FALLURE FROM KSC ENVIRONMENTAL 
CONTROL SYSTEM AREA 


COMPONENTS OF IS SUSPECTED OF 
FAILURE FRON KSC ALTITUDE 
TEST AKFA 


COMPONENTS OF ISS SUSPECTED OF 
FAILURE FROM KSC INTEGRATED 
SYSTEMS TEST AREA 


COMPONENTS OF ISS SUSPECTED OF 
FAILURE FROM KSC VERTICAL 
ASSEMBLY AREA 


COMPONENTS OF ISS SUSPECTED OF 
FAILURE F INTEGRATED 
SYSTEMS T 


COMPONENTS OF ISS SUSPECTED OF 
FALLURL FUOM SSC INTEGRAT 
SYSTEMS TEST ARE 


PARTIAL SYSTEM 
DISASSEAISLY 


JDC 17601 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


PANTIAL 
TREVARATION FON 
PGONCS CHECKOUT 


(Fioune 2 


THANSPFER TO KSC 
SPACECRAFT 
ANSEMDLY AIBA 


PARTIAL PREPARATION 
FOR ISS CHECKOUT 


POST-CIECKOUT 
PARTIAL 
DRBASSEMBLY 


THANSET I To Kae 
ALTITUDE TAT 
AlIRA 


PERFOR 
COMPLETE 
PREPARATION FOR 
CHECKOUT 


PERFORM CITECKOUT 
[FIGURE 7-6} AND PER- 
FORM NECE AY 
MAINTENANCE 


PENFORA POST- PEAPOHM PEROBIC 
CUECKOUT TOTAL 0 WENL 1 
CDIASSEMBLY Re ENANCHE IA 


TRANSFE I TO Kc 
INTEGIATED SYSTEMS 
TEST ANK 


{FIGURE 7-5) 


IFIGUTE 8-11 


THANST LU PU Kb 
Y TICAD ASSE ALY 


Att 
LEGEND 


"AND" GATE ~ ALL INPUTS AND 
OUTPUTS REQUEL 


MANGPEN Vu OARL 
1ATE ¥STE 


"OR" 
THE OTHE 
OF EXIT tT 


IANS FLA TO SLs 
ATI trate 


IF 


(58610 


Figure 7-4. Inertial Subsystem Master 
Checkout Flowgram 


Rev. H 1-23/7-24 


’ C 


ND-1021042 
LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 
* 


LEGEND 


"AND" GATE - ALL INPUTS AND 
OUTPUTS HLQUIRED 


"OR" GATE - FOLLOW ONE PATI OR 


TIE OTHEN (NOT BOTH} FOR ENTAY 
OR EXIT FROM GATE 


REMOVE POWER LAW 
INSTALL CDU LATER 
FUNCTION OK TASK 


USSTALL CDU LAW 
IDC- 16030 JDC-1801T AND CON- rol [35 CHECKOUT 
Tl IF COOLANT NECT CDU CADLE TO FIGIME 1-8 
SUIPLY IAW aa COOLANT It 2 
DESCRIPTION JDC-16029 
FOI tMU AND PTA PIA 
TO FIGUNE T-I8, 
A 
INSTALL COU ON 
SUBSYSTEM MOUNTING 
FIXTURE 
COMPLETE 
F ¢ 7 
FRON FIG 7-1 UPDATE SYSTEM PREPARATION 101 
OR FIG 7-4 EQuiPMENT INSURE THAT ROTAB INSPECT CONNECTORS FOR 
HISTORICAL IAS BEEN CALI CONTAMINATION AND BENT 
RECOND BRATED JAW JDC-19728 PINS, REPAIR IAW JDC'S = 
On PLA WITHIN LAST 90 DAYS 16083 AND 15080, 
REQUHEMENTS Dc 00! 
TABLE 7-¥ 


ox 


INSTALL PSA ON 
SUBSYSTEM MOUNTING 
FIXTURE 


2DC-E60E6 


MOUNT IMU AND PTA 
MOUNTINO FIXTURE ON 
ROTARY TABLE 


ER FOUM IMU MOUNT- 
ING FIXTURE ALIGN- 
MENT TEST (X AND ¥ 
AXES) = Sr NOTE) 
PERFORM NOTARY 
TABLE LEVELINO 
CALIBRATION Te 
(SEE NOTE} 

IDC- E6010 


MOUNT }ATU ON [MU 
MOUNTING FIXTURE 


MOUNT PULSE 
TORQUINO ASSEMDLY 
ON PTA MOUNTING 
FIXTURE 


IBC -16014 


IDc 


i003 


JDC-18013 


T 


PERFORM IMU MOUNT- 
(NO FIXTURE ALI 
MENT TEST (Z AXLE 
(PF NOTH) 


] 


FON 188 CHECKOUT 
TO FingUne T-8 


u 
FOR CDU PLA 
TO FIOUNE 1-14 
n 
FOR DAU AND PTA PIA 
TO FIOUKE 7-1 
D 
ON POA PIA 
CONNECT COOLANT 
Hose BLES 
NOTE 


PERFORMANCE-OF JDC'S 16010, 16011, ANT 10012 


US REQUIRED FOR ESS CIIECKUL 


168820 


Figure 7~5. Inertial Subsystem Checkout 
Preparation Flowgram 


Rev. Z 


1-25/7-26 


ND-1021042 


LEM PRIMARY GUIOANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


PERFORM CDU D/A 
CONVERTER TESTS 


PERFORM X THIG 
PERIORMANCE 


1DC-1 6050 


PERFORM INNER 
GIMBAL CIll! NE- 

PEATING ACCURACY 
TEST 


CFGEIE 


AMD) "HATL « ALL INPUTD 

AND OUTPUTS HEGUIIED 

Push" 4A) POLLOW ONE VATIL dll TH 
STUN INGOT DOTIN POR PNT 1H © AST 
yuOM UATE 

‘ TION GH TAS 

LAC TUT 


prot . Wi? 
nuvnl + IVEY 9am Kewl 4 TH oe uM n TAL PERFORM OWEN 
" —»p WP: —= tne Tea P sul 1ST 
J ! | J 


IDC-162 


PERFORM MIDDLE JDC +160" 
GIMBAL CDU RE- 
PEATING ACCURACY 


TEST 


VEN PORM ¥ 1HIG 
PERFORMANCE TES 


PERFOIMS OUTER 
GIMBAL CDII NE- 
PEATING ACCURACY 
TEST 


IDC - 10043 


SC -1G741 


IDC-16084 


PERFORM CDU 
FAIL DETECTOR 
TESTS 


PERPORM 7 REG 


PERFORMANCE TEST 
Tu | 


IMU MIP RSE FIGUITE #4 


eS ar At THAT 
Ipc -1AOK 


JSte-li2da 


TRIG ALIGNMENT 
TESTS 


JD 


*1AlTa 


PEHFORN * 0G 
PERFOMANCE TEST 


PERFORM XIRIC 
TENFORMANCE TEST 


PENLOUM TUNN ON 
ANBIGUTTY AND READ 
INHIBIT PROCEBURES 


IDC-1023 


IDC-160 


PENFOUM FLIGHT 
HIALCTON ATTITUDI, 
INDICATUI INTER 
FACE TEST# 


PERSORM Y IRIG 


PERFORMANCE TEST 
ASST NBILY PRO- 


t DNURES 


PERFORN ¥ 1fuG 
AFORMANCE TEST 


SUBSYBTI. Al 


PENFORSI 
MODE TE 


PERFORN PIPA ALIGN- 
MENT TESTS (TEST 7% 
DETERMIN Ty, 


AND @ 
anys 


IDK a 


39 


INC-16 
JK - 16178 


PERF ONM 
STATILIZATION 
Lop TESTS 

(AIT CAGY) 


PLREDAST PIA ALIGR: 
NENT TESTS (ZERO 
ADJUSTMENT OF THE 
OUTER GIN BAL 
RESOLS 


PERIORM PIPA ALIGK 
SILNT TESTS (TEST TO 
DETERIONE oa 


PERFORM 7 TRIG 
PERFORMANCE T 


PERFORM 2 ua 
PLRFORMANCE T 


3 DC-141 
PERFORM PIPA ALIGN- 
MENT TEST (TEST TH 


DETERMINE yy 


PERFORM STADIEIZA- 
TION Lor 
IGISIBAL FRICTI 
ff RESPONSE 


1EQUE YA SF) 


IDC-1Gi4 


ADC - 1624 


Jpe 


JDC+/ 607 


PERFORM FIPA ALIGN- aa ‘ Berne if 
MENT TESTS (TEST PE! PIPA ALIC PERFORM P 
Ml ) MENT TE 


PERFORM PIPA ALION- 
MENT TESTS (TEST TO 


PIPA ALIGN- 


PERDONM PIPA ALIGNs mERTOnG 


j i PEI AA PPA Loo MENT TEETS (TEST TO MENT TESTS (ZERO 
i T ~IP NE DETE AM! NO ADIUSTMENT OF TIE DETE RMINE a 5 — NETERMINE 4 Ey ch . Tr : DIS ENT TEST 
: J = 5 1 Dt tha . aah 
AND ri yy GIMDAL R SORTORM x TrERTEIKG main earst 
AND INPUT AXIS PER- SCALE FACTOR PEI- 
PORMAX 


FORMANCE TESTS 


MIDDLE GIMBAL 


Qn, e A? t 
RE A, 


FLZ. 


1 


Jt 


JDC- 


1azal 


JDC- 
J 1620 


16é 


PERFORY ¥ fIPaA 
SCALE FACTOR PER- 
AIMANCE TEST 


PERFORM ¥ PIPA DIAS 
AND INPUT AXIS PEN- 
FORNANCE TISTS 


IDC -16202 


PERFORM Z PIPA WAS PLNFORN 2 IAPA 
AND ENPUT ANS PER SCAl A RTE 
FORMANCE 7 Ts FORMA TEST 


PENPORM IMU FAIL 
DETECTOR TS IS663E 
Figure 7-6. Inertial Subsystem Checkout 
Flowgram 


Rev. H 7-27/7-28 


C 


ND-1021042 


LEM PRIMARY GUIOANCE, NAVIGATION, ANO CONTROL SYSTEM MANUAL 


CSS SUSPECTRD OF PROVIDE TERTORM 


FAM! DURING PGNC PERFORM TE MPOMARY PREPAUATION 

CHECK TKSC EC, OR HEC PARTIAL STORAGE FOR TOR PUNE 
SYSTEM REMAINI ER CHLCKONT 
DISASSEMBLY OF PGK 


FOhti 7-2 


JDC {7ha1l 


ED OF FAILURE 
RAFT ASSY AREA 


THANSI'# It TO RSC 
MPACECHAFT 
ASSEMBLY AME 


£D OF FAILURE 


FROM k ALTITUDE TEST AREA 


c 
FAOM 


S SUSPECTED OF FAILURE 
NTEGRATE TEMS AHEA 


PERFORM CHECK- 


PERFORM pa (FIGURE 7-4) PERFORM aE AOD 
FROM KSC VERTICAL ASSEMBLY AREA fel) FOR CS de SSEMB SAIN TENANCE 
CHFCKOUT 420, PARA @210 


FIGURE 7-5 : o54i 05418 


A 


PECTED OF FAILURE 
NME CONTAO} 


an 
> 


if MINTAT 


TRANRILR TO KSC 
i) 
CONTHOL BYBTLM ANEA 


CSS SUSPECTED OF FAILURE 
INTEGRATED SYSTEM 


"AND" GATE - ALL INPUTS AND 
OUTPUTS REQUIRED 


T ARCA 


“OR" GATE + FOLLOW ONE PATH 
OR THE OTHER ( 
ENTRY OR EXIT 


CSS SUSPECTED OF FAILURE 
FROM MSC INTEGRATED SYSTEMS 


TRANSFES 
TEST AMNFA 


INTI 
vq 


FURCTION O# TASK 
DESCRIPTION 


65010 


Figure 7-7. Computer Subsystem Master 
Checkout Flowgram 


Rev. H 7-29/7-30 


ESSPECT CONNECTORS FOR 
CONTAASONATION AND BENT 
PINS, REPAIN LAW JDC'S 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


CONNECT GSE 
CABLIAG 


JDC -03415 


INSTALL COMPUTER IN INSTALL DSKY IN 
OPERATION CONSOLE OPERATION CONSOLE 


TURN-ON CSS PREMAHY 
POWER 


TUNN-ON CSS PoKEN | to FrquAe 7-7 


IbC-0%4 


IDC-05417 IDC~OS441 JDC-05440 


INSTALL FIXED 
MEMORY MODULES 
TN COMPUTER 


IDC -OS416 


16502¢ 


“AND“ GATE-ALL INPUTS AND 
OUTPUTS REQUIRED 


FUNCTION GR TASK DESCRIPTION 


Figure 7-8. Computer Subsystem 
Checkout Preparation Flowgram 


Rev. Z 7-31/7-32 


CSS CHECKOUT 


FROM OR LGC AND PERFORM 
FIGURE 7-7 DSKY PIA INSTRUCTION 
CHECKS 


JDC OSTTL 


PERFORM RADAR 
SIGNAL MEASURE- 
MENTS TEST 


JDC OS756 


PERFORM £ELF- 
CHECK TEST 


JDC 05794 


PERFORM 
INSTRUCTION 
CHECKS 

SDC 95771 


PERFORA! TIME AND 
WARNING CHECKS 


SDC 05772 


PERFORM INPUT/ 
OUTPUT REGSTEN 
TEST 


JDC 05787 


PERFORA 
VOLTAGE 
MARGIN TEST 


JDC 05795 


PERFORM AME it- 
CHECKS BANKS 0 
AND 1 


IDC OST7E 


PERFORM CBU 
COUNTERS TEST 


IDC 05744 


PERFORM 
MAIN DSKY 
KEY TEST 


JDC 05796 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


ND-1021042 


MANUAL 


PERFORM MEM- 
CHECKS BANKS 2 
THRU 7 


IDC 05777 


PERFORM PIPA 
COUNTERS TEST 


IDC 06759 


PERFORM 
POST CHECKOUT 
DISASSEMBLY 


JDC'S 05420, 
0S417, AND 
05419 


1, ND 1021042 SUPPLEMENT 
CONTAINS PROGR Abt 
LISTINGS OF COMPUTER 
FIELD VERIFICATION 


FPROCEDUHE IF VP) TAPES, 


2, TRANSFER/UANDLE 
AND STORE EQUIPMENT 
PER NB-1021038, 


PERFORM CHANNEL 
INST, CHECKS 


IDC 05779 


PERFORM OYHG 
COUNTERS TEST 


JDC HATS 


TO FIGURE 
1-7 


TRANSFER COMPONENTS 
TO STORAGE (SEE NOTE 2) 


CONTINUE MAINTENANCE FLOW 
AS INDICATED ON FIGURE 9-1 
(SEE NOTE 2) 


PER FOTM IN-OUT 


CHECKS 
JDC OSI 


PEN FORM MAND 


IDC~05403 


JDC 
JDC 


HAO 


S407 


TLC -0540: 
INC =05409 
IDC -05417 
IDC -05413 


JDC-O5aTa 


spc 
spc 
JDC - 
Tpc- 


STI2 
S174 
8176 


ITA 


IDC 05790 


IDC ~ 


JDC 


Rev. Z 


67 
6184 


PEN FORM ALLEREST PERFORM CLOCK 
TESTS STABILITY TEST 


JDC OS781 IDC 08745 


PERFORM LINK PERFORM 
COUNTERS TEST VELOCITY : 
COUNTERS TEST 


a 
eae Ipc 05793 


ADDITIONAL C88 INC'S 


PERIOD MEASUREMENT 

TAPE LOAD GPENATING PROCEDURE 

TAPE VERIFY OPERATING PROCEDURE 

KEYNOARD LOAD OPERATING PROCI.DUHE 

NEAD AGC OPENATING PROCEDURE 

TRANSFER CONTROL OPFNATING PROCEDUUT 
PROGRAMMER AND MONITOR AND LOGIC DRAWER NO, 2 
PANT. LS PRELIMINARY TEST SET-UP 

XY & RDC INTERFACE PANELS PRELIMINATY TEST SET-UP 
ISSTHUCTION CHECKS MYLAN TAPE 

TIME AND WARNING CHECKS MYLAN TAPE 

MERICIECK DANKS C4 1 TEST MYLAN TAPE 
MELICIECK BANKS 2 TRY 7 TEST MYLAR TAPE 
CIIANNEL INST, CILECKS MYLAR TAPE 


1 IN-OUT CUECKS MYLAR TAPE 


ALLEMEST MYLAN TAPE 


16566C 


Figure 7-9. Computer Subsystem 
Checkout Flowgram 


7-33/7-34 


AOT FROM STORAGE AREA 


SUSPECTED AOT COMPONENT FAILURE 
AT GAEC MANUFACTURING AREA 


SUSPECTED AQT COMPONENT FATLURE 
AT GAEC ASSEMBLY AND TEST OPERATIONS AREA 


SUSPECTED AOT COMPONENT FAILURE 
AT KSC VERTICAL ASSEMBLY AREA 


SUSPECTED AOT COMPONENT FAILURE AT 
KSC ENVIRONMENTAL CONTROL SYSTEM TEST AREA 


SUSPECTED AOT COMPONENT FAILURE AT 
KSC ALTITUDE TEST AREA 


SUSPECTED AOT COMPONENT FAILURE AT 
KSC INTEGRATED SYSTEMS TEST AREA 


SUSPECTED AOT COMPONENT FAILURE 
AT ¥SC ASSEMBLY AREA 


a 


CHECKOUT 
PREPARATION 


{FIGURE 7-41) 


"OR" GATE - FOLLOW ONE PATH OR 
THE OTHER {NOT BOTH) FOR ENTRY 
OR EXIT FROM GATE 


FUNCTION OR TASK 
DESCRIPTION 


PERFORM CHECKOUT 
TAW FIGURE 7-I2 AND 
PERFORM NECESSARY 
MAINTE NANCE 


LEM PRIMARY GUIDARCE, RAVIGATION, AND CORTROL SYSTEM 


PERFORM POST- 


CnECKOUT TOTAL 


DISASSEMBLY LAW 
JDC'S 03604 AND 


oy 


PERFORY ft 
OR SCHED 
MAINTE N ANC 
PARA 4-19 


fuoorc 


E TAN 


ND-1021042 


MANUAL 


TRANSFER TO 
STORAGE AREA 


TRANSFER TO GAEC 
MANUP ACT URING 
AREA 


TRANSFER TO GAEC 


ASSEMBLY AND 
TEST OPERATIONS 
AREA 


TRANSFER TO KSC 
ASSEMBLY AREA 


TRANSFER TO KYC 
ENVIRONMENTAL 
CONTROL SYSTEM 
AREA 


TRANSFER 10 KSC 
ALTITUDE TEST 
AREA 


TRANSFER TO KSC 
INTEGRATED 


SYSTEMS TEST 
AREA 


TRANSFER TO KIC 
VERTICAL ASSEMBLY 
AREA 


426100 


Figure 7-10. AOT Master Checkout Flowgram 


Rev. L 


7-35/7-36 


Z °AOY 


LE-L 


VERIFY 
ROTAB ROTARY 


CERTIFY AND 


INSTALL AOTT ON CERTIFY AND 


3 AUGN AOTT INSPECT CONNECTORS FOA 
B, CER A NA 
FROM FIGURE AXIS CALIBRATION feel Gls HR 45 AND 17 DEGREE CONTAMINATION AND BENT 
ute ASSEMBLY COLUMATORS PINS. HEPAIR IAW JDC'S 
OR PIA IDC-19729 née . 3DC- 03622 16043 AND 15080 
REQUIREMENTS IDC O03 IDC-03633 
TABLE 7-¥ 


FUNCTION OR TASK 
DESCRIPTION 


Figure 7-11. AOT Checkout Preparation Flowgram 


INSTALL AOT 
ON AOTT AND 
ROTARY TABLE 


JDC-03683 


S26rte 


W3ISAS TONINO) ONY ‘NOILYDIAVN ‘JINVGING AYVWIYd WIT 


TANYA 


ChOLZOL-GN 


8E-L 


QD °ASY 


AOT NE TICLE 
RSOW READOUT 

ACCIIHACY AND 

POWFH MATCH TEST 


SOT FT 7OM OF 
MOTTO" Te 


AOT EYEPIECE FOCUS, 
SYSTEM FOCUS AND 
RESOLUTION TEST 


AOT RETICLE 
LCCFNTRICITY AND 
STAR LOS 


WONVA 


ChOLZOL-AN 


pc-9019 soc—arhd 


FROM 
FIGURE Te1h 


CHECKOUT FOR AOT 
Pp 11 “O21 AND 
ABOVE 


AQT FREEDOM OF 
MOTION, RETICLE 
LIGHTING, FREEDOM 
F VIEWING, AND 
HEATER TESTS 


RETICLE CURSOR 
READOUT A 
AND RETICLE 
MATCH TEST IX AIR 


AOT SYSTEM FOCUS 
TEST IN AIR 


AOT STAR LINE OF 
SIGIM TEST {XW AIR 


Ipc , 


IDC-03-01 


IDC-03633 


HEMOVE AOT 


FROM AOTT RENGVE AOTT 


FROM ROTAD TO 
FIGURE 7-20 
IDE 030Gs 


JOC 03004 


4$2612C 


WIISAS TOXINO) ONY NOLIVOIAVN “JNVOIND AMVW Idd WIT 


Figure 7-12. AOT Checkout Flowgram 


BCA FROM STOCK ROOM AT KAC, 
OAEC, OR MBC 


SCA SUSPECTED OF FAILURE FROM KSC 
BPACECRAFT ASSEMBLY AREA 


SCA SUSPECTED OF FAILURE FROM KSC 
ENVIRONMENTAL CONTROL SYSTEM TEST AHEA 


8C A SUSPECTED OF FAILURE FROM KSC 
INTEGRATED SYSTEMS TEST AREA 


SCA SUSPECTED OF FAILURE FROM KSC 
VERTICAL ASSEMBLY AREA 


SCA SUSPECTED OF FAILURE FROM GAEC 
OITEGRATED SYSTEMS TEST AHEA 


ICA BUIPECTED GF FAILURE FROM MSC 
INTEGRATED SYSTEMS TEST AREA 


OCA SUSPECTED OF FAILURE FROM KSC 
ALTITUDE TEST AREA 


PIA REQUIREMENTS TABLE 7-V 


INSPECT CONNECTORS FOR PREPARATION FOR 
CONTABUNA TION AND BENT CHECKOUT 


PIKS, REPAIR IAW IDC'S 
18083 AND 1#080, IDC + 18840 


LEGEND 


“AXD" GATE = ALL INPUTS AND OUTPUTS REQUIRED 


“OR" GATE - FOLLOW ONE PATR OR THE OTHER 
(NOT BOTH) FOR ENTRY OR EXIT FROW GATE 


FUNCTION OR TASK 
DESCRIPTION 


NOTE: TRANSFER/HANDLE 
AKD STORE EQUIPMENT 
JAW ND-1021038 


yr 
ND-1021042 | 


LEM PRIMARY GUIOANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


GDIBAL RESOLVER 
TESTS 


JDC -1as41 


DAC, PIPA TEMP, 
AND 2, 6¥ BLAS TESTS 


JDC -lusaz 
PIPA AND [RIG 

TESTS 

JDC-18H3 


OPERATIONAL 
SCA, 6097019 


RADAR RESOLVERS 
AND 126¥ SUPPLY 
TESTS 


JDC lest4 


TRANSFERTO 
CONTINUITY TESTS STORAGE AREA 
JDC 10547 (SEE NOTE} 


GIMBAL RESOLVER 
TESTS 


TO rial 7-3 
JDC - 16541 


DAC, PIPA TEMP, 
AND 2.6 BLAS TESTS 


IDC ~1BR42 


PIPA AND [RIG TESTS 


FLIGHT 
QUAL 
SCA, GOOTOIO 


CONTINUE 

MAINT FNANCP 
FLOW AS INDICATED 
ON FIGURF 5-1 


SDC-156543 


RADAR RESOLVERS 


AND 120V SUPPLY EZ NOTE) 
TESTS 
Joc-1a444 
TORQUE MOTOR AND 
1X SEN GEMBAT 
TESTS 
JDC-1B64S 
CDU FINE EKAOR 
TESTS 
DC - 14546 
CONTINUITY TESTS 
SDC- 1647 
i767aCc 


Figure 7-13. SCA Master Checkout Flowgram 


Rev. Z 7-39/7-40 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


FROM TURN ON COOLANT TURN ON OPTICS 


TURN ON INERTIAL 
ny FIGURE 7-5] suPPLy INERTIAL ANALYZER 


SUBSYSTEM 


JDC 16023 Jbc 1662 


Jbe 16033 


PERFORM CBU D/A 
CONVERTER TESTS 


IDC 16050 


TRANSFER 
COMPONENT 
PERFORM TURN-ON PERFORM INNER GEIM~ TO STORAGE 
AMBIGUITY AND READ BAL CDV REPEATING (SEE NOTE) 
INHIBIT PROCEDURES ACCURACY TEST 


JDC 16098 IDE 16088 


PENFORM SUBSYSTEM 
MODE TESTS 


PERFORM MIDDLE PERFORM Post 


GIMBAL CO) HEPEAT- CHECKOL *) 
(0) (0) INO ACCURACY TEST (0) DISASIEMDLY q@ 


JDC 16108 JDC 16083 


FDC 17602 


PERFORM STABILI- 
ZATION LOOP TESTS 
(IMU CAGE) 


PERFOCEM OUTER 
GIMBAL CDU REPEAT= 
ING ACCURACY TEST 


CONTINUF 
Ae MAINTENANCE 
JDC 16110 JDC 160% FLOW AS 
- (INDICATED ON 
LEGEND NOTE: TRANEFER/HANDLE FIGURE f-} 
AND STORE EQUIPMENT (SEE NOTE} 
pis lEre: PERFORM COU PAIL 
©) “AND® GATE - ALL INPUTS AND OOTPUTS REQUIRED DETECTOR TESTS 
JDC 10997 
19188 
TOR" GATE - FOLLOW OKE PATH OR THE OTHER 
(NOT BOTH) FOR ENTRY OR EXIT FROM GATE 
FUNCTION OR TASK 
DESCIUFTION 
Figure 7-14. CDU Pre-Installation Acceptance 
® Test Flowgram 


Rev. Z 7-41/7-42 


FROM 
FIGURE 7-5 


FRON 
FIGURE 7-5 


LEGEND 


“AND! GATE - ALL DX POTS AND OUTPUTS REQUTRED 


*OR° DATE « FOLLOW ONE PATH OR THE OTHER 
(NOT BOTIN FOR ENTRY OR EXT FROM GATE 


FUNCTION OR TASK 
DESCRIPTION 


TURN ON COOLART 


TURN ON 165 AND OIA SUPFLY AND ADJUST 
vous TFMPERATURE 


Jpe- 1 


fa IPC -16023 


TURN ON TUN ON TURN ON 
COOLANT OPTICS INERTIAL INERTIAL 
GUPPLY ANALYZER SUBSYSTEM 


JDC - 16029 IDC: 16032 IDC +16033 


GENERAL USAGE JDC'S 


JDL- [6090 TUANOFF PROCEDURE 

JDC-1€034 NORMAL TURNON PROC EDURE 

JIDC-16163 RIG DEQAUSSING 

JDC-16164 PIPA NULL PROCEDURE 

JDC-16159 FIPA DEGAUSSTNO 

JDC-16185 X PIPA CALIBRATION MODULE ADJUSTMENT 
IDC-16154 ¥ PIPA CALIBRATION MODULE ADJUSTMENT 
JDC-16157 Z PPA CALIBRATION MODULE AINUSTMENT 
IDC-1616 PULSE TORQUE ELECTRONICS TESTS 


NOTE TRANSFER/ HANDLE 
AND STOKE. EQUIPMENT 
PER ND- 10210. 


PERFORM 
POWER SUPPLY 
TESTS 


JDC: 16033 


LEM PRIMARY GUIOANCE, NAVIGATION, ANO CONTROL SYSTEM ND-10210%2 


Sm nr 


PERFORA X [RIG PER- 
FORMANCE TEST 


IDC ~16234 


FORMANCE TEST aa THANMYEN 
JDC-16241 + COMPONENTS 
TO HTONAGE 

@ur NOTE) 


PERFORM Z THIG PER- 
FORMANCE TEST 


PERFORSL STABILIZA- 
TION LOOP TESTS 
(GMIBAL FRICTION, 
STEP RESPONSE 
FREQUENCY RESPONSE} 


IDC-10244 


PORT. TEST 
DISASSFMILY 
IDC-17004 


PERFORM X 1700 PER- 
FORMANCE TEST 


PERFORM X IRIG PER- 
FOUMANCE TEST 


$M - 16075 


IDC- 16237 IDC- 16236 


PERFOR 
SUBSYSTEM 


PERFORM ¥ IMIG PER- 


PERFORM Y TUG PER- 


MODE TESTS 
Aoc- 1616 FORMAKCE TEST FORMANCE TEST covey 
“al 6 r 
IDC- 16240 IDC- 16298 MAINTENANCE 
PERFORM STABILIZA- YLOW AN 
TION LOOP TESTS INDICATED ON 
{INU CAGE) ele) 
PERFORM 7% {AIG PER- : 
IDC-16110 FORMANCE TEST PERFORM 2 IRIG PER- PERFORM X PIPA DIAS PERFORM X PIPA 
PORN ARE TES AND THPUT AXIS PER SCALE FACTOW PER- Sees 
JDC -16243 Seerrere FORMANCE TESTS FORMANUE TEST DIRECTOR ATTITUDE 
JDC-16200 IDC=16201 milage 
JDC-18 184 
PERFORM PIPA LOOP 
TESTS (LOOP NULL PERFORM Y PEPA DIAS PFTLFORM ¥ IPA 
QUADRATURE TEST) AND (NPUT AXTS PER- BEALE FACTOR PER- 
FORMANCE TESTS FORMANCE TEST 
JDC- 16007 
IDK «16202 IDC-16203 
PERFORM Z PIPA BRAS PERFORM Z PIPA 
AND tN PUT AXIS PER- SCALE FACTOR PFIL 
FORMANCE TESTS FORMANCE TEST 
JOE -18204 JOC-16205 
ise370 


Figure 7-15. IMU and PTA Pre-Instaliation 
Aceeptance Test Flowgram 
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FROM TURN ON COOLANT TURN ON OPTICS TURN ON INERTIAL 
= FIGURE 7-5 SUPPLY INERTIAL ANALYZER SUBSYSTEM 


JDC 16029 JDC 16032 WDC 16033 


TRANSFER 
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PERFORM SUBSYSTEM STOILAGE 
MODE TESTS @EL NOTE) 


IDC 16108 


PERPORM STABILIZA- 
TION LOOP TESYS 
{GIMBAL FRICTION, 
STEP RESPONSE, FRE- 
QUENCY RESPONSE} 


IDC 16075 


PERFORM PosT- 


CHECKOUT TOTAL 
DISASSEMBLY 


PERPORM POWER 
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IDC 16039 


We 17602 
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Figure 7-16. PSA Pre-Installation Acceptance 
Test Flowgram 
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Chapter 8 
MAINTENANCE 
8-1 SCOPE 


This chapter describes the procedures performed in the G & N laboratory for 
malfunction isolation, removal and replacement, repair verification, pre-power assur- 
ance (PPA), and malfunction verification in accordance with the maintenance concept. 
References to JDC's are included for removal and replacement procedures, PPA tests, 
malfunction verification tests, and repair verification requirements. Included in this 
chapter are lists of schematic diagrams and mechanization drawings for malfunction 
isolation. (Refer to tables 8-I and 8-II.) 


8-2 MAINTENANCE CONCEPT 


Figure 8-1 presents, in flow diagram format, the maintenance concept for the 
PGNCS. Paragraph references identify the supporting text for the various maintenance 
tasks depicted on the flowgram. 


Repair of the PGNCS consists of isolating a malfunction to the lowest replaceable 
item spared and replacing that item with a spare item that has received a PIA test. 
Repair of the PGNCS is limited to replacement of the following items: 


(1) LGC 

(2) DSKY 

(3) flight ropes or test ropes 

(4) CDU 

(5) PSA 

(6) IMU and PTA 

(7) AOT 

(8) PGNCS interconnect harness A 
(9) PGNCS interconnect harness B 
(10) CCRD 
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(11) nav base 
(12) signal conditioner 


(13) signal conditioner modules 
(14) DSKY EL and IL indicators 


When a malfunction cannot be isolated to a single component, the suspected 
components shall be removed and subjected to ISS, CSS, or AOT checkout, whichever 
is applicable. After identification of the discrepant component(s), the remaining 
components may be re-installed in the spacecraft without requiring PIA testing. Before 
the replacement for the malfunctioned item is operated in the spacecraft, the mal- 
functioned component must be subjected to malfunction verification testing. 

The spare item or component must have received a PIA test prior to installation 
in the spacecraft. When a spare item is to be installed in a PGNCS in the laboratory, 
however, it need not. be subjected to PIA testing since the PGNCS must be subjected to 
repair verification testing. 


8-3 MALFUNCTION ISOLATION-ANALYSIS 


Malfunction isolation consists of employing troubleshooting techniques to isolate a 
malfunction to the lowest replaceable item spared. The following aids will prove 
helpful for troubleshooting a LEM PGNCS: 


(1) Electrical adapter cable assembly set used for signal monitoring and continuity 
and resistance testing in conjunction with JDC 18053. 


(2) PGNCS and ISS loop diagrams and schematics (see Table 8-]). 
(3) CSS logic diagrams and schematics (see table 8-Il). 

(4) Engineering data. 

(5) ND 1021040, Supplement B, 


Malfunction isolation of PGNCS laboratory test configurations can be accomplished 
using the above aids, but in particular by using ND 1021040, Supplement B and the 
electrical adapter cable assembly set. 


8-3.1 ELECTRICAL ADAPTER CABLE ASSEMBLY SET. The electrical adapter cable 
assembly set is used to monitor signals and perform continuity tests for malfunction 
isolation of PGNCS components. The electrical adapter cable assembly set can be used 
in conjunction with monitor circuit diagrams (MCD's) and loop diagrams located in 
ND 1021040, Supplement B and also with engineering mechanization diagrams, 
schematics, and interconnect diagrams listed in table 8-1 of ND 1021042, Operating 
instructions and cable break-in information for use of the electrical adapter cable 
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assembly set to monitor signals during system and ISS testing are given in JDC 18053. 
Instructions for airborne cable continuity testing and alrborne component continuity 
and resistance testing are also provided in JDC 18053. 


8-3.2 ARRANGEMENT OF ND 1021040 SUPPLEMENT B. Supplement B is generally 
arranged by type of information (i.e. loop diagrams, MCD's, networks, etc.). It is 
not component oriented. Each type of information is grouped together and has one or 
more tab cards associated with it providing askeletal index to the information. 


8-3.2.1 Monitor Circuit Diagrams (MCD's). MCD's show the detailed routing of all 
airborne and GSE signals monitored by the OITS and associated BM-GSE. With an 
MCD, a monitored signal displaying an abnormal indication can be traced from its 
monitoring device in the OITS (such as the DVM), through the GSE selection circuitry 
(such as the crossbar switch), to its source in the airborne G & N system, ISS, or 
GSE. The MCD's often reference related loop diagrams for additional aid in trouble 
analysis. 


Refer to chapter B10 in ND 1021040 for detailed instructions on MCD usage. 
Tables B10-I through B10-VII index specific MCD's for each test point or switch 
position on the OITS and associated BM-GSE. Table B10-I, for example, references 
a specific MCD for each position of the crossbar switch. 


The MCD shows the jack and pin numbers of the airborne interface and includes 
additional airborne circuitry to illustrate the signal source. A malfunction can be 
isolated to either an airborne component or GSE equipment by monitoring the signal 
at the airborne interface, using the electrical adapter cable assembly set as specified 
in JDC 18053. 


8-3.2.2 LEM GSE Signal Selection List. The LEM GSE signal selection list, table 
B10-X in ND 1021040, lists the name and test point location of all LEM airborne sig- 
nals which can be monitored by the OITS and associated BM-GSE during system or 
iSS testing. In the event of a malfunction, table B10-X can be used to locate test 
points at which airborne and GSE signals related to the malfunction can be monitored. 
lf a monitored signal displays an abnormal indication, the applicable MCD for that 
test point can be located by referring to the MCD index. 


8-3.2.3 Loop Diagrams. The loop diagrams listed in ND 1021040, Supplement B are 
detailed schematics of the OITS and associated BM-GSE circuitry, including the related 
airborne interface circuitry. The loop diagrams illustrate how various components 
of the OITS and BM-GSE operate together to control or test the airborne system or 
ISS test configurations; these diagrams also show the power and loading circuitry 
used to simulate normal airborne operational environment. Associated loops and MCD's 
are reférenced on the loop diagrams as further aids for trouble analysis. The loop 
diagrams depict the jack and pin numbers of the airborne interface and additional air- 
borne circuitry to aid in understanding loop operation. A malfunction can be isolated to 
either an airborne component or GSE equipment by monitoring loop signals at the air- 
borne interface, using the electrical adapter cable assembly set as specified in JDC 
18053. 
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Refer to chapter B9 in ND 1021040 for detailed information on loop diagram 
usage, and table B9-lll for a listing of loop diagrams associated with LEM testing. 
Also, chapter B6 contains a functional description of each LEM loop diagram as a 
further aid to understanding loop operation. 


8-3.2.4 MCD and Loop Diagram Selection. Refer to table 8-1A for a general guide to 
the selection of MCD‘’s and loop diagrams in the event of an abnormal indication. it 
is assumed that the abnormal indication has occurred during the performance of a 
JDC for system or ISS testing. 


8~3.2.5 Blade Blocks. Blade blocks and mating connectors are used as tie points in 
the OIA and GDB wire harnesses. Eachblade block section mates with a correspondingly 
numbered and lettered connector (i.e. JI09A mates with P109A), In the MCD's, the 
complete unit, including blade block and mating connector, is identified only by the 
mating connector P number. The blade blocks provide a convenient location to verify 
tbe presence of a signal. Refer to paragraph B10-14 in ND 1021040, Supplement B 
for detailed information on the usage of blade blocks. 


8~3.2.6 Network Lists, The network lists are a special version of the OIA backwall 
running list. Each network consists of a grouping of points (connector pins, terminal 
board terminals, ete.) which are electrically tied together within the OIA backwall 
wire harness. The networks are convenient for tracing a circuit through the backwall 
harness and for isolating malfunctions since they show all points at which signais can 
be monitored. Refer to chapter B12 in ND 1021040, Supplement B for detailed infor- 
mation on network usage. 


8-3.3 TEST POINT SIGNAL CHARACTERISTICS, Chapter 3 in ND 1021042 will be 
expanded to provide a tabular listing of test point signal characteristics. The test point 
signal characteristics will aid in identifying and isolating malfunctions during signal 
monitoring with the electrical adapter cable assembly set or using the OITS and as- 
sociated BM-GSE signal monitoring capability. 


8~3.4 CSS MALFUNCTION ISOLATION. Program listings of CSS test tapes have been 
provided as a supplement to ND 1021042 for use during testing and during malfunction 
isolation of CSS problems. If a malfunction occurs, analysis can proceed with the use 
of the program listings; loop, schematic, and logic diagrams listed in table 8-11; and 
computer theory of operation in chapter 4. 


8-4 REMOVAL AND REPLACEMENT 


Removal and replacement procedures for use in the G and N laboratory test con- 
figurations are given in JDC's listed in table 8-III. 


8-5 REPAIR VERIFICATION 


After installation of a spare component in the PGNCS at the G & N laboratory, 
a partial system checkout is performed to verify that the system is repaired. Refer to 
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table 8-IV for retest requirements to insure that satisfactory system performance may 
be attained and to verify tbat the previously observed malfunction has been corrected. 
Refer to table 8-IVA for SCA retest requirements after module replacement. 


If no malfunction occurs during repair verification, the system is considered to 
be repaired and system checkout may be resumed at the JDC at which the malfunction 
originally occurred. 
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Figure 8-1. Master Maintenance Flowgram 
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Table 8-1. PGNCS and 18S Loop Diagrams and Schematics 


NASA Drawing 


LEM +28 VDC Power Distribution 

LEM 0 VDC Power Distribution 

LEM +28 VDC 800 ~ Power Distribution 
PTPS Output 

Apollo Stab Loop - LEM 


Apollo PIPA Loop - LEM 

IMU-R/R CDU Block Diagram-Block II 
LEM 5-Axis Moding Diagram 

IMU Temperature Control System-Block [1 


Two Wire Mechanization Diagram 
Schematic Diagram 


6015570 
6015571 
6015572 
6015573 
6015564 
6015563 
2015566 
6015562 


2001452 
2001463 


9-8 


Table 8-1A. MCD and Loop Diagram Selection == 
Pod 

z= 

en 
fan! == 
eS 
La ] 
Abnormal indication displayed Refer to MCD index, tables Select MCD and associated = 
on OITS monitoring device B1l0-1 through B10-V11 in loop diagrams referenced a= 
{such as an out-of-tolerance ND 1021040, Supplement B, from MCD. a] 


voltage indication on DVM, 
PAVM, oscillograph, oscil- 
loscope, etc.) 


to locate applicable MCD. 


Failure associated with OITS 


a. Select loop diagram by 


Select loop diagrams and 
associated MCD's refer- 


pushbutton or control (such 
as failure of ISS OPERATE 
pushbutton to light as speci- 
fied in JDC}. 


relating OITS pushbut- 
ton or control {nomen- 
elature or function) 
with loop titles in list 


enced from loop diagram. 


of LEM loops (table 


B9-fll in ND 1021040, 
Supplement B). 


If OLITS pushbutton or 
control cannot readily 
be associated with a 
particular loop title in 
table B9-lll, refer to 
panel control and indi- 
eator descriptions in 
chapter B2 of ND 
1021040 for additional 
information that will 
aid in loop diagram 
selection. 


Select loop diagrams and 
associated MCD's refer- 
enced from loop diagrams. 
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Table 8-IA. MCD and Loop Diagram Selcction 


Abnormal Indication Reference Source MCD or Loop 
Diagram Selection 


ce. If failure can be asso- Select applicable loop diagram 
ciated with a relay in or MCD referenced in relay 
an OITS panel, refer operation chart. 
to relay operation 
charts in chapter B11 
of ND 1021040, Sup- 

plement B. 


Refer to ND 1021642 
for the following in- 
formation to determine 
area of malfunction: 
(such as computer sub- 
system, PIPA loop, 
stabilization loop, etc.): 


Abnormal indication displayed 
on DSKY when performing JDC 
during system testing (such as 
an incorrect data display indi- 
cation), or any other abnormal 
indication displayed during sys~- 
tem testing. 


(1) JDC test descrip- 
tions listed in 
chapter 7. 


System and sub- 
system functional 
analysis in chapter 


fae 


Component and mod- 
ule functional de- 
scriptions and test 
point signal charac- 
teristics in chapter 3. 
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Table 8-IA. MCD and Loop Diagram Selection 


Reference Source MCD or Loop 
Diagram Selection 


Abnormal Indication 


(4) Component and 
module detailed 

theory of opera- 

tion in chapter 4. 


List of system 
mechanization 
drawings, sche- 
matics, and logic 
diagrams in tables 
8-] and 8-Il in 
chapter 4. 


After deter mining area 
of malfunction, refer to 
LEM signal selection 
list, table B10-X, in 
ND 1021040, Supple- 
ment B to locate test 
points at which air- 
borne signals related to 
the malfunction can be 
monitored. 


Select MCD's and associated 
loop diagrams referenced 
from MCD's. 


c. If monitored signal(s) 
displays an abnormal 
indication, refer to 

MCD index, tables 

B10-I1 through B10-V1, 
in ND 1021040, Supple- 
ment B to locate appli- 
cable MCD. 
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Table 8-IA. MCD and Loop Diagram Selection 


Abnormal Indication Reference Source MCD or Loop 
Diagram Selection 
eee oo 


Select loop diagrams or MCD. 


Refer to relay operation 
charts in chapter B11 of 
ND 1021040, Supplement 
B for reference to appli- 
cable loop diagrams or 

MCD. 


Failure associated with relay 
in OITS panel. 
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Table 8-I. CSS Logie Diagrams and Schematics 


Tray A Subassembly 


LGC 2003100} LGC 2003200 LGC 2003993 e 
Module Al 2005059 2005259 2005259 
Modtle a2 2.005060 2005260 2005260 

2005266 with 
ECP 564* 

Module Ad 2005051 2005251 2005251 
Module A4 2005062 2005262 2005262 
Module AS 2005061 2005261 2005261 
Module AG 2005063 2005263 2005263 
Module A7 2005252 2005252 2005252 
Module AS 2005055 2005255 2005255 
RrOcniemaa 2005056 2005256 2005256 
Module A10 2005057 | 2005257 2005257 
roca 2005058 2005258 2005258 € 
Module A12 2005053 2005253 2005253 
Module A13 2005069 2.005269 2005269 
Module Al4 2005074 2005264 2005264 
Module Als 2005065 | 2005265 2005265 
Module A16 2005066 2005266 2005266 
Module A17 2005067 2005267 2005267 
Module A18 2005068 2005268 2005268 
Module A19 2005070 2005270 2005270 
Module A20 2005054 2005254 2005254 
Module A21 2005050 2005250 2005250 
Module A22 2005071 2005271 2005271 
Module A23 2005072 2005272 2005272 
Module A24 2005073 2005273 2005273 
Interface A25, A26 2005021 2005021 2005928 & 


2005928 with 

EC P's 501 & 505* 

Interface A27 to A29 2005020 2005912 2005933 
2005933 with 

ECP's 501 & 505* 


Power supply module 2005010 20059 16 2005936 & 
A30, A31 2005945 with 2005971 with 

ECP 486* ECP 518* 

2005971 with 

ECP 518* 
*See table 3-IE for effectivity. r 
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Table 8-Il. CSS Logie Diagrams and Schematics 


Drawing Number 


Tray B Subassembly 
LGC 2003100 LGC 2003200 LGC 2003993 


Rope memory module 
Bl to BG 
Oscillator module B7 


Alarm module B8 


Erasable driver module 
B9, B10 


Current switch module 
Bil 


Erasable memory module 
B12 


Sense amplifier module 
B13 


Sense amplifier module 


Bl4 


Strand select module 
B15 


Rope driver module 
B16, B17 


2005003 


2005028 


2005915 


2005005 


2005006 


20059 14 


2005914 


2005009 


2005913 


*§See table 3-IE for effectivity. 
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2005003 
2005930 with 
ECP's 501 & 505* 


2005927 

2005975 with 
ECP 719* 
2005104 

2005934 with 
ECP's 501 & 505* 


2005005 
2005925 with 
ECP 's 501 & 505* 


2005106 
2005931 with 
ECP 905* 


2005920 

2005932 with 
ECP's 501 & 505* 
2005970 with 
ECP 483* 


2005919 
2005929 with 
EC P's 501 & 505* 


2005924 
2005926 with 
ECP's 501 & 505* 


2005100 

2005942 with 
ECP 440* 
2005938 with 
ECP's 501 & 505* 
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2005927 
2005975 with 
ECP 719* 
2005934 


2005925 


2005931 


2005932 
2005970 with 
ECP 483* 


2005929 
2005969 with 
ECP'ts 501 & 505* 


2005926 


2005938 
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Table 8-11. CSS Logic Diagrams and Schematics 


Drawing Number 


DSKY 
DSKY 2003985 DSKY 20038950 DSKY 2003994 


DSKY interconnection dwg 2005950 2005953 2005954 
Indicator driver 2005952 2005952 2005973 
module D1 to D6 

Keyboard module D8 2005903 2005903 2005939 
Power supply module 2005904 2005921 2005937 
D7 
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Table 8-Il. CSS Logic Diagrams and Schematics 


Tray B Subassembly 


LGC 2003106 LGC 2003200 


Rope Memory Module B1-B6 2005012 2005012 


Oscillator Module B7 2005003 2005003 
Alarm Module B8 2005028 2005922 
Erasable Driver Module B9, B10 2005915 2005104 
Current Switch Module B11 2005005 2005005 
Erasable Memory Module B12 2005006 2005 106 
Sense Amplifier Module B13, B14 2005914 2005919 
Strand Select Module B16 2005009 2005009 


Rope Driver Module B16, B17 2005913 2005100 


DSKY 2003985 


DSKY Assembly 2005950 2005953 


Indicator Driver Module D1-D6 2005952 2005952 
Keyboard Module D8 2005903 2005903 
Power Supply Module D7 2005964 2005921 
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Table 8-III. List of Removal and Replacement JDC's 


Remove and Replace PGNCS Components (LEM) 17601 

Remove and Replace Inertial Subsystem 17602 

Components (LEM) 

Installation Of The Alignment Optical 03624 

Telescope Tester On The Rotary Table 

Remove AOT From AOTT 03604 

Installation Of The Alignment Optical 03683 

Telescope On The Alignment Optical 

Telescope Tester 

Remove AOTT From ROTAB 03605 

Installation And Removal Of Fixed Memory 05416 

Modules And Fixed Memory Jumper Modules- 

Block II And LEM 

Computer Installation And Removal 05417 

Procedure-Block II And LEM 

DSKY Installation And Removal Procedure- 05418 

Block II And LEM 

Remove and Replace SCA Modules 17603 
05798 
05799 


DSKY E/L Installation and Removal Procedure- 
Block II 


DSKY I/L Installation and Removal Procedure- 
Block I 
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Table 8-IV. Retest Requirements 


Component Replaced Retest JDC Number 


PGNCS interconnect 12692 


harness "A" e 


PGNCS interconnect 12693 
harness "B" 


CDU 12685 


IMU and PTA 12688 
PSA 12691 
LGC 12686 
DSKY 12687 


CCRD 12689 @ 


SCA* 12620 


*For SCA module retest requirements, see table 8-IVA. 
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Table 8-IVA. SCA Retest Requirements 


SCA JDC'S 


SCA Module Replaced 


Gimbal resolver 
IRIG and PIPA 
DAC, PIPA temp, and 2.5V bias 


Torque motor and 1X sine 
gimbal resolver 


CDU fine error and IRIG temp 


Radar resolver and 120V PIPA 
supply 


8-6 DELETED. 


(See paragraph 7-7.) 


Pages 8-9, 8-10, and 8-11/8-12 (table 8-V and figure 8-2) deleted. 
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8-6 PRE-INSTALLATION ACCEPTANCE 


PIA tests shall be performed on all spare components prior to installation in 
the spacecraft. PIA tests are not required for spare components to be installed in 
a PGNCS in the laboratory, P1A test procedures are given in JDC's listed in table 8-V. 
Perform the procedures in the sequence given for the applicable component. Auxiliary 
airborne equipment can be used to complete a test setup. (See paragraph 8-11}, 


Table 8-V. Procedures for Components Requiring PIA Tests 


Perform AOT checkout in accordance with figure 7-10. 


1. Perform test preparation procedures in accord- 
ance With figure 7-5. 


Component 


Computer control and Perform JDC 18830. 
reticle dimmer assembly 


IMU and PTA 


2. Perform following JDC's in sequence listed: 


16097 
16080 
16098 
16108 
16110 
16082 
16083 
16084 


3. Disassemble test setup per JDC 17602. 


Perform following JDC's in sequence listed: 
05415 
05417 
05418 
05419 
05420 
05771 
05783 


1, Perform complete test preparation procedures 
in accordance with figure 7-5. 


2. Perform checkout in accordance with figure 8-2. 


LGC and DSKY Perform CSS checkout in accordance with figure 7-8. 


(Sheet 1 of 2) 
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Table 8-Y¥. Procedures for Components Requiring PIA Tests 


PGNCS interconnect Perform PGNCS checkout in accordance with figure 
harness ee 


1. Perform complete test preparation in accordance 
with figure 7-5. 


2. Perform following JDC's in sequence listed: 


18831 
16039 
16079 
16108 
16110 
16075 


3. Disassemble test setup per JDC 17602. 


Perform SCA checkout in accordance with 
figure 7-13. 
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8-6 PRE-INSTALLATION ACCEPTANCE 


PIA tests shall be performed on all spare components prior to installation in 
the spacecraft. PIA tests are not required for spare components to be installed in 
a PGNCS inthe laboratory. PIA test procedures are given in JDC's listed in table 8-V. 
Perform the procedures in the sequence given for the applicable component. Auxiliary 
airborne equipment can be used to complete a test setup. (See paragraph 8-11). 


Table 8-V. Procedures for Components Requiring PIA Tests 


Perform AOT checkout in accordance with figure 7-10, 


cDU 1. Perform test preparation procedures in accordance 
with figure 7-5. 


2. Perform following JDC's in sequence listed: 


16097 
16080 
16098 
16108 
16110 
16082 
16083 
16084 


3. Disassemble test setup per JDC 17602. 


Computer control Perform JDC 18830. 
and reticle 
dimmer assembly 


IMU and PTA 


LGC and DSKY 


1. Perform complete test preparation procedures in 
accordance with figure 7-5. 


2. Perform checkout in accordance with figure 8-2. 


Perform CSS checkout in accordance with figure 7-8. 


(Sheet 1 of 2) 
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Table 8-V. Proccdures for Components Requiring PIA Tests 


_ 


jp 
Perform PGNCS checkout in accordance with figure 
7-2. 


PGNCS interconnect 
harness 


1. Perform complete test preparation in accordance 
with figure 7-5. 


2. Perform following JDC's in sequence listed: 


18831 
16039 
16079 
16108 
16110 
16075 


3. Disassemble test setup per JDC 17602. 


Perform SCA checkout in accordance with 
figure 7-13. 
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8-7. PRE-POWER ASSURANCE 

PPA tests shall be performed on all suspected malfunctioned components removed 
from a spacecraft installation to assure that the PGNCS or subsystem used for mal- 
function verification will incur no damage. PPA test procedures are given in table 
8-VI. Components not successfully passing PPA testing will be evaluated for final 
verification and/or disposition. 


Table 8-VI. PPA JDC's 


SA 


IMU and PTA 18872 


PGNCS interconnect N/A 
harness 


8-8 MALFUNCTION VERIFICATION 


Prior to operation of a spare component in the spacecraft, the malfunction must 
be verified in the removed component. Malfunction verification for all components 
other than the PGNCS interconnect harness consists of performance of the PIA tests 
listed in table 8-V. The PIA tests are to be completed only to the point where the mal- 
function is verified. Auxiliary airborne equipment can be used to complete a test 
setup. (See paragraph 8-11.) Malfunction verification for the PGNCS interconnect 
harness Consists of performing continuity checks on those parts of the harness which 
are related to the malfunction. PPA tests are required as a prerequisite to malfunction 
verification for those components listed in table 8-V1 when those components are re- 
moved from the spacecraft. 
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8-9 MALFUNCTION ANALYSIS 


After a malfunction has been verified, an analysis is performed to determine if 
the malfunction was caused by another PGNCS failure, or if the malfunction could have 
caused other damage in the PGNCS. If the analysis indicates other malfunctions may 
exist, further malfunction tsolation and malfunction verification testing are required. 


The results of the malfunction analysis are returned to the factory, along with the 
failed component, to aid in factory analysis of the malfunction. A malfunction analysis 
is also required for non-recurring malfunctions and non-verified malfunctions. 


8-10 MAINTENANCE SCHEDULE 


Maintenance ofelectrical connectors involves special applications of anti-corrosion 
lubricants. Maintenance of the AOT requires special procedures, techniques, and 
equipment. Refer to table 8-VII for JDC's to be performed as specified. 


Table 8-VII. Maintenance Schedule 


Maintenance Operation JDC No, Schedule 


Clean AOT 02820 As required with approval of 
responsible engineer 


Purge AOT angle counter 03256 Every 6 months 


Maintenance and inspection of AOT 03650 Every 6 months as specified 
in JDC 03650 
Lubricate connectors 18079 


Lubricate connectors, pins, and 18078 Prior to spacecraft installa~ 
contacts tion 


Straightening of pin contacts 18080 
Remove DC-~4 silicone grease from 18081 After removal of component 
airborne component connector contacts from spacecraft 

Moisture proof assembly screwheads 18082 


Clean connectors and components 18083 
Repalr pated surfaces 108 


Remove corrosion from magnesium 18085 As required 
surfaces 


Perform mercury decontamination and 18086 As required 
handling safety procedure 


Inspect microdot connector 18099 


18100 Prior to each laboratory test 
setup and at the completion 
of all testing 


Lubricate and clean component header 
helicoil inserts and engaging hardware 
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8-10A REMOVAL OF ETHYLENE GLYCOL SOLUTION LEAKS AND SPILLS. Per-~ 


a form the appropriate JDC's as necessary in the event of ethylene glycol solution leaks 
or spills. 
JDC 18087 Removal of Ethylene Glycol Solution Leaks and Spills — 
General Instructions 
JDC 18088 Removal of Ethylene Glycol Solution Leaks and Spills — 
& Airborne Harnesses 
JDC 18089 Removal of Ethylene Glycol Solution Leaks and Spills — AOT 
JDC 18090 Removal of Ethylene Glycol Solution Leaks and Spills — 
CDU, CMG, LGC, PSA, PTA, and PEA 
JDC 18091 Removal of Ethylene Glycol Solution Leaks and Spills — 
DSKY 
JDC 18092 Removal of Ethylene Glycol Solution Leaks and Spills — IMU 
JDC 18093 Removal of Ethylene Glycol Solution Leaks and Spills — 
CCRD and Indicator Control Panel 
JDC 18095 Removal of Ethylene Glycol Solution Leaks and Spills — SCA 
e JDC 18096 Removal of Ethylene Glycol Solution Leaks and Spills — Nav 
Base, and Eyepiece Storage Unit 
JDC 18097 Removal of Ethylene Glycol Solution Leaks and Spills — GSE 


Components, and GSE Interconnect Harnesses 
8-11 AUXILIARY AIRBORNE EQUIPMENT 


Auxiliary airborne equipment (AAE) is defined as that equipment required to 
complete a system or subsystem test setup when the assigned components of the 
System or subsystem are not available. AAE can be composed of the following: 
(1) Qualification test equipment (QUAL TEST) 
) (2) Evaluation test equipment (EVAL TEST) 
(3) Flight equipment (equipment previous flown) (FLIGHT) 
(4) Test articles (equipment specifically purchased for use as AAE). 
The following conditions must be fulfilled to use AAE in a test setup. 


@ (1) Qualification test equipment, evaluation test equipment, and equipment pre- 
viously flown must be recycled through the factory manufacturing area and 
meet the functional requirements of the applicable procurement specification 

before it is designated AAE. 


(2) Configuration of AAE must fulfill requirements of compatibility tables (chapter 
3). 


£ (3) AAE must be continually maintained in accordance with the functional require- 
ments for operational airborne equipment. 
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Appendix A 


LIST OF TECHNICAL TERMS AND ABBREVIATIONS 


Term Definition 
€ a Accelerometer 

AAC Automatic amplitude control 

AAE Auxiliary airborne equipment 

ACA Attitude controller assembly 

ACCEL Accelerometer 

ACE Automatic checkout equipment 

ACTREQ Action request 
® ACTY Activity 

A/D Analog to digital 

AD Add 

ADIA Gyro drift duc to accclerution along the inputuxis caused by an unbalance 


on the spin reference axis 


ADSRA Gyro drift due to acccleration along the spin refercnce axis caused by an 
unbalance on the input axis 


s AGC Apollo guidance computer 
AGC/OC AGC CTS opcration console 
AGS Abort guidance section 
rf ADCR Apollo integrated inventory and consumption report 
AIG Inner gimbal angle 
aB Hypothetical rotation of the PIP case about its output axis equivalent to 


bias. Subscripts (X, Y, or Z) may be addedto denote a specific PIP case 


eo rotation 
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Appendix A (cont) 


Term Definition 

aX, aY, Misalignment of PIP case about stable member axis. Subscripts (X, Y, 

or aZ or Z) may be added to denote a specific PIP case misalignment 

Auc Middle gimbal angle 

Aog Outer gimbal angle 

AOT Alignment optical telescope 

ATCA Attitude and translation control assembly 

ATP Assembly test procedure 

Att Attitude 

BAL Bank Alarm 

BD Bias drift of IRIG. Subscripts (X, Y, or Z) may be added to denote a 
specific IRIG bias drift 

BKTF Block transfer 

CA Coarse align 

CAGEN Counter address generate 

CCB Configuration control board 

CCRD Computer control and reticle dimmer assembly 

ccs Count, compare and skip 

CDU Coupling data unit 

CDU Z CDU zero 

CES Control electronics section 

CIS Communications and Instrumentation System 

CLR Clear 

CM Command module 

CMC Command module computer 

Cs Clear and subtract 

CSM Command and service module 

Css Computer subsystem 

CTRAL Counter fail alarm 

CTRDR Request to increment counter 


ers Computer test set 
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Appendix A (cont) 


é Term Definition 
CYL Cyele left 
CYR Cycle right 
D/A Digital to analog 
& DAC Digital to analog converter 
DECA Descent engine control assembly 
DKEND Downlink end 
DLKHN Downlink inhibit 
DLNK Downlink 
DRB Design review board 
DSKY Display and keyboard 
DV Divide 
ECS Environmental control system 
® EDS Explosive devices subsystem 
EEC Enable error counter 
ENC Encoder 
ENOFF Engine off 
ENON Engine on 
ENRST Engine reset 
EPS Electrical power system 
ERR Error 
E(Xg} X gyro error signal 
» E(Yg) Y gyro error signal 
E(Zg) Z gyro error signal 
€IGA Inner gimbal axis error 
€IGR Inner gimbal resolver error 
e €MGA Middle gimbal axis error 
«MGR Middle gimbal resolver error 
€OGR Outer gimbal resolver error 
- FDAI Flight director attitude indicator 
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Appendix A (cont) 
Term Definition o 


FINDVAC Find vector accumulated data 


FVP Field verification procedure 
gz Local gravity 
GAEC Grumman Aircraft Engineering Corporation g 
yey Misalignment of IRIG case about stable member corresponding axis. 
or YZ (First subscript denotes a specifie gyro, second subscript is added to 
denote a specific stable member axis about which the gyro input axis is 
misaligned. ) 
G and N Guidance and navigation 
GSE Ground support equipment 
GYRST Gyro reset 
IA Input axis 
IAW In accordance with 
ICTC Inertial components temperature controller y 
IG Inner gimbal 
uP Interrupt in process 
ILP Parity inhibit 
IMU Inertial measuring unit 
INC Increase 
INHINT Inhibit interrupt 
INKL Counter increment request 
IP Inte rrogate pulse 
IRIG Inertial reference integrating gyro & 
is Instrumentation subsystem 
iss Inertial subsystem 
JDC Job description card 
K Address or location 
KEY RLSE Key release 
KRST Key reset 
KSC Kennedy Space Center 
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Term 


LBP 
LEM 

LER 

LGC 

LINK 

LR 

LSD 

Lic 

MCT 

MG 

MINC 
MIT/IL 
MKTRP 
MNHRPT 
MP 

MSA& QR 


MSK K 
MSTRT 
N 

NAA 


Nav 


nav base 
NBD 
NDX 
NISQ 
NLT 


Appendix A (cont) 
Definition 
Lifting battery pack 
Lunar excursion module 
Long eye relief 
LEM guidance computer 
Load location 
Landing radar 
Least significant digit 
Lifting temperature controller 
Memory cycle time 
Middle gimbal 
Minus increment 
Massachusetts Institute of Technology Instrumentation Laboratory 
Mark trap 
Monitor inhibit interrupt 
Multiply 
Main summing amplifier and quadrature rejection module 
Manned Spacecraft Center 
Most significant digit 
Mask 
Mask with data from K 
Monitor start 
Negative velocity pulse 
North American Aviation 
Navigation 
Navigation base assembly 
Normal bias drift 
Index 
Next instruction sequence 


Not less than 
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Term Definition e 
NMT Not more than 
NOVAC No vector accumulated data 
OA Output axis 
OG Outer gimbal r | 
OIA Optics-inertial analyzer 
OINC Display location 
OITS Optics-inertial test set 
OPR Operator 
OUTCR Out counter 
OVCTR Overflow counter 
OVF Overflow 
P Positive velocity pulse 
Py Incrementing pulse 6 
PA Pre-amplifier 
PA Pendulum axis 
PAC Program analyzer console 
PAL Parity fail alarm 
PCM Pulse code modulated 
PEA PIPA electronics assembly 
PGNCS Primary guidance, navigation, and control system 
SHUMGA Corrected readingtaken from the tilt axis optigon screen with rotary axis 
at SHOGA, outer gimbal at precision zero, and middle gimbal axis in *& 


horizontal plane 


OHRA Corrected readingtaken from the tilt axis optigon screen with rotary axis 
in horizontal plane 


P&M Programmer and monitor 

PIA Pre-installation acceptance @ 
PINC Plus increment 

PIP Pulsed integrating pendulum 

PIPA Pulsed integrating pendulum accelerometer 

PLSS Portable life support system es 
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Term 


PPA 
PRA 


PROG 
PROG ALM 


SA 


Rev. L 


Appendix A (cont) 


Definition 


Prepower assurance 

Pendulum reference axis 
Program 

Program alarm 

Power and servo assembly 

Power and servo assembly adapter module 
Pulse torque assembly 

Portable temperature controller 
Pulse torque power supply 
Precision voltage reference 
Recommended Apollo Guidance Equipment List 
Reaction control system 

Radar reset 

Rejected 

Release 

Radio frequency 

Rate gyro assembly 

Retrofit instruction bulletin 

Read line 

Resistance inductance capacitance 
Release 

Relay bit 

Relay word 

Interrupt lock alarm 

Rendezvous radar 

Reset 


Total gain from rotation about an IRIG input axis to voltage output of the 
preamplifier, (millivolts per milliradians). Subscripts (X, Y, or Z) may 
be added to denote a specific IRIG total gain voltage 


Servo amplifier 
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Term Definition 

$/C or SC Spacecraft 

SCA Signal conditioner assembly 

SCAFAL Scalar fail alarm 

SCs Stabilization and control system 

S F(A) Scale factor of PIP. Subscripts (X, Y, or Z) may be added to denote a 
specific PIP scale factor 

SFTG Scale factor of torque generator, (milliradians per pulse). Subscripts (X, 
Y, or Z) may be added to denote a specific IRIG torque generator scale 
factor 

SG Signal generator 

SHANC Shift and add increment 

SHINC Shift increment 

SIDL System identification data list 

SL Shift left 

SM Stable member 

SP Switch pulse 

SQG Sequence generator 

STBY Standby 

STD2 Standard subinstruction two 

SU Subtract 

TC Transfer control 

TCA Translation controller assembly 

TCAL Transfer control trap alarm 

TDCR Technical data change request 

TDCR-RB Technical data change request review board 

TDRR Technical data release or revision 

TG Torque generator 

™ Torque motor 

TPA Test point adapter 

TS Transfer to storage 
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XCH 
XFMR 


ZID 
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Appendix A (cont) 
Definition 
Thrust-to-weight 
Uplink 
Underflow 


Up telemetry 


Corrected reading taken from the rotary axis optigon screen with outer 
and middle gimbals at precision zero, and inner gimbal axis at local 
vertical 


Corrected reading takenfrom the rotary axis optigon screen with rotary 
axis horizontal and outer gimbal axis horizontal and east 


True table rotary axis angle which places PIP input axis opposite local 
vertical vector. Subscripts (X, Y, or Z) may be added to denote a 
specific PIP input axis 

True table rotary axis angle which places PIP input axis along local 
vertical vector. Subscripts (X, Y, or Z) may be added to denote a 
specific PIP input axis 

Velocity or verb 

Write amplifier 

Write line 

Exchange 


Transformer 


Inhibit strobe 
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Appendix B 
RELATED DOCUMENTATION 


This appendix explains the function and reiationship of the System Identification Data 
List (SIDL), the Apollo Integrated Inventory and Consumption Report (AIICR), the 
Aperture Card System, and the Technical Data Change Request Review Board (TDCR-RB) 
to the manual. 


SIDL is an official release record for documents issued to impiement NASA con- 
tracts. SIDL identifies drawings, specifications, manuals and job description cards 
(JDC's), and other documents released to support the LEM Primary Guidance, Naviga- 
tion, and Control System (PGNCS). 


Manuals and JDC's are based upon the latest information available as of the publi- 
cation freeze date. Manuals and JDC's are distributed after formal CCB approval. SIDL 
shall be consuited to determine which is the currently effective information. AC Elec- 
tronics, Field Service Publications Department, will periodically revise the manuals 
and JDC's to the latest technical information releases. 


The ADICRis a listing of all approved spare partsfor the PGNCS andits associated 
ground support equipment (GSE). 


The aperture card system is a compilation of documents in the Apollo program. 
Each aperture card consists of a mounted 35 MM microfilm copy of a complete document, 
with the exception that for manuals, only the title page, signature page, record of revi- 
sions page, and listof effective pages are included to identify the revision letter, change 
pages, and TDRR number. 


Aperture card sets are maintained at all field sites and are used with the PGNCS 
manual to refer to schematics, wiring diagrams, and other drawings which are not 
included in the manual. 


The TDCR-RB is a group composed of AC Electronics Publications, Engineering, 
Field Operations, MIT/IL, and NASA personnel. The board meets as required to process 
and disposition Technicai Data Change Requests (TDCR's). 
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LOGIC SYMBOLS 


The computer contains NOR gates, extended NOR gates, and NOR gate flip~flops 
whicb are packaged in flat packs each containing two NOR gates. For a better under- 
standing of the logic used in the computer, the logic symbols, terminology, and conven- 
tions used in logic descriptions in this chapter are discussed in detail in tbe following 
paragraphs. 


The NOR gate (figure C-1) is a 3-input OR element with internal negation or in-~ 
version. This gate performs the logic function of F = A+B + C, which is expressed 
as "neither A nor Bnor C", From this the term NOR gate is derived. 


The two more commonly used configurations of the NOR gate in the computer are 
the AND and OR functions, also illustrated on figure C-1. The AND function (A ° B ° C) 
as expressed as "not A and not B and not C'". Another way of expressing this function 
is to state than an output is present when not A and B and C are coincident. An actual 
application of the AND function will demonstrate still another way of describing this 
configuration. The gate shown has as inputs the negations T09 and XCHO. The output 
function is described as: signal RP2 is generated at time 9 during an Exchange in- 
struction. This means of describing the AND function will appear more frequently in 
text than the others. An OR function is simply the inverted result of a NOR function. 
The output function F ls present if either A or B is present. If neither A nor B is 
present, the function F is not present. 


The extended NOR gate assumes the configuration shown on figure C-1. This is 
simply a method of increasing the number of inputs (fan-in) to produce a given functlon. 
On figure C-1 botb gates are shown tangent to one another. They are drawn in this 
manner on many of tbe detailed logic drawings of this section since both gates follow 
in numerical sequence. However, both gates need not be, and on many drawings are 
not shown tangent to each other to produce the given function. The shaded portion of 
the lower gate indicates that it is an extension of the NOR gates shown above it through 
a common connection, which will be described in detail. 


The dual NOR gate flat pack contains two NOR gates, each consistlng of three NPN 


transistors with resistive inputs, as shown in figure C-2. The collector of each tran- 
sistor is connected to a common load resistor, the other end of which ls connected to 
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EXTENDED NOR GATE 
Figure C-1. NOR Gate Symbols @ 
C-2 
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Figure C-2. Dual NOR Gate 


the +4 vde supply. All six emitters are common and are connected to ground, Asa 
result of these connections, the logic levels for the computer can be defined (+4 vde 
represents a logic ONE; approximately ground level represents a logic ZERC). Since 
an NPN transistor requires a positive transition for turn-on, a logic ONE at any one 
input or at all three inputs results in a logic ZERO at the output. To correlate this to 
the NOR gate symbol of figure C-1, consider that inputs A, B, and C are each a logic 
ONE, The output is logic ZERO or the inverted form of the input. 


When ali three inputs to tbe NOR gate are each logic ZERO, the transistors are 
cutoff. The output assumes the collector supply voltage (+4 vdc) or logic ONE. This 
latter condition can be correlated to the AND function of the NOR gate in figure C-1. 
When the two inputs (T09 - XCHO) are each logic ZERO, the output (RP2) is a logic 
ONE. In the detailed discussions which follow, a logic ZERO level is often referred 
to as enabling an associated input gate leg. For example, the negation input T09 en- 
ables the gate coincident with KCHO {both inputs logic ZERO). An input gate leg is 
considered to be a logic ZERO if there is no connection to that particular leg. Each 
NOR gate bas a capacity of three inputs. If connections are made to only two inputs, 
the third is considered to be logic ZERO, or the leg is enahled. 
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The fan-in capacity is increased to produce 2 given function using NOR gate ex- 
panders as shown in figure C-3. The exterded gate has no connection through the 
common collector resistor te +4 vdc. Instead, the cutput from the extended gate is 
connected to the output line from the other gate (figure C-4). The collector resistor 
of this gate is now common to the transistors in both gates. This configuration does 
not ohange the logio ability of the gates. A logic ONE at any one or all of the six inputs 
results in a logic ZERO out. A logic ZERO at all six inputs results in a logic ONE 
out. 


A NCR gate flip-flop consists of two NOR gates interconnected, as shown on figure 
C-5. The flip-flop is set by a logic ONE appiied te the set input and is reset by a logic 
ONE applied tc the reset input. The set puise actually is applied to the reset side of 
the flip-flop; likewise the reset pulse is applied to the set side. This ooncition exists 
because of the characteristics of the NOR gate {a logio ONE at any input results in a 
logic ZERO cut). The logic ZERO is applied to the input of the cpposite side and holds 
that side off, which resuits in a logic ONE cut. Thus, a set pulse applied to gate A of 
figure C-5 turns the gate on. The output of gate A {or the reset side} is a logic ZERO, 
which is applied to gate B and holds this gate off. The output of gate B {the set sids) 
is a logic ONE. 


The format used for each of the logic diagrams contained in the discussions in this 
manual is illustrated and explained on figure C-6. 
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Figure C-3. Dual NOR Gate Expander 
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Figure C-4. Extended NOR Gate 
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Figure C-5. NOR Gate Flip-Flop 
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Figure C-6. Logic Diagram Symbols 


